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THE TOXICITY OF SOME ZIRCONIUM AND THORIUM SALTS 

IN RATS* 

L. T. lIcCLINTON* akd JACK SCHUBERT 
Argonne National Laboratory, Chicago, Illinois 
Received for publication Februarj’ 20, 1948 

In connection with investigations directed toward finding a treatment for 
radioelement poisoning (1) a study was made of the toxicity of several metals, 
including zirconium and thorium. In the experiments reported here the object 
was to study the lethal action of some salts of zirconium and thorium and to 
note any chronic intoxication. 

Experiuextai, pboceoubes. The rats used were 200 Ewm white females of the 
Sprague-Dawley strain. All solutions were administered by intraperitoneal injection. The 
solutions did not appear to cause any pain or discomfort to the animals. In all cases 
suitable control animals were kept. The injected groups of control animals received in- 
jections of solutions similar to the test solutions except for the absence of the specific 
element xmder investigation. All animals were dosed on the basis of weight for not more 
than 20 hours in the acute studies and not more than 8 days in the sub-acute studies (see 
tables 1 and 2 for details). They were weighed weekly for six months subsequently. His- 
tologic examination was made of the organs of three of the rats which had received high 
concentrations of zirconium as the citrate salt. Total leucocyte and differential counts, 
hemoglobin concentrations and the clotting times of the blood were determined on two 
rats three days after they had received their last intraperitoneal injection of zirconium 
citrate. 

Preparation of solutions. In the preparation of the citrate salt of zirconium it was 
desired to obtain a maximum zirconium concentration with a minimum of sodium and citric 
acid. Further, it was deemed necessary that the solution be stable to wide changes in 
temperature and pH as well as jnelding no precipitate upon the addition of phosphate ions. 
Such a solution is prepared as follows : 

Dissolve 14.92 grams (0.071 M) of citric acid monohydrate in 250 cc. of water. To the 
boiling solution slowly add 75 cc. zirconyl chloride solution containing about 125-130 mgm. 
of zirconium per cc. Boil for ten minutes with constant stirring (avoid splatter) while 
keeping the volume nearly constant by addition of water. Cool to room temperature and 
filter through quantitative filter paper on a Buchner funnel. After washing the precipitate 
with 100 cc. of water it is suspended in 200 cc. of water and refiltered through fresh filter 
paper. Wash precipitate with 100 cc. of water. Suspend the precipitate in 300 cc. of water 
and add 6.97 grams of solid trisodium citrate dihydrate. Heat to boiling while stirring. 
The Solution should be almost clear within ten minutes. Adjust pH to about 6 with 10 
per cent sodium hydroxide (^^13 cc.) . Adjust volume to 400 cc. with boiled water and filter 
through quantitative paper into a sterile container. 

The final concentrations in the above solution were Ka^ = ..-0.26 molar, zirconium = 
■^24 M and about 0.24 M in citric acid. The composition of the final product would cor- 
respond to the formula Xa+lZrOfCtHsOi)!. 


’ The work described in this paper was completed in 1946 at the Argonne National Lab- 
oratory, Chicago, Illinois under Contract No. W-31-109-eng-3S. 

* Present address: College of Medicine, University of Illinois, Chicago, Illinois. 
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TABLE 1 


Acute toxicity of zirconium and thorium solutions after intraperitoneal injection at frequent 
intervals of large doses in rats 


COlCPOlCrND* 

COKCENtRATTON, 

sournoN 

INJECTED 

MGUBEK OF 
INJECTIONS 

TOTAL DOSE 

(as ketal) 

I IfOETALirV 

i 

LDso ± S.t. 


oj uieidl 


tngm.fkgm. 


mgm./kgm. 

Zirconyl ion dissolved 

24t 

1 

230 

i 0/6 

1,710 ±80 

in trisodium citrate 


1 


0/6 




2 

960 

0/6 




3 

1,410 

0/8 




4 

1,730 

6/10 




4 ! 

1,900 

9/12 




5 

2,200 

6/6 


Zirconyl ion dissolved 

10. 


ISO 

0/6 

247 ±40 

in sodium gluconate 



200 

2/6 





240 

7/14 





290 

4/4 





470 

7/8 




5 

650 

3/3 


Thorium nitrate dis- 

5.0§ 

1 

48.6 

0/6 

68 ±12 

solved in trisodium 


1 

60.8 

5/12 


citrate 


2 

70 





2 

100 




j 

3 

157 




* Preparation ^iven in text. 

t Ma.ximum single dose was 4 cc. Repeated injections were made at four hour intervals. 
J Ma.ximum single dose was 2.6 ee. Repeated injections were made at four hour inter- 
vals. 

§ Maximum single dose was 2.5 cc. 


TABLE 2 


Sub-acute toxicity of a zirconium solution* after intraperitoneal injection in rats when 
administered in divided doses over an extended period 


AWODNT IN EACH 
INJECTIONt 

NUITBEK or INJECTIONS 

TEU DAV 

1 NUMBES or DAYS 
UETAL GIVEN j 

TOTAL DOSE 

UOETAlltY 

mgm fkgm. 



mgm /kgm. 


245 

1 

8 

1,960 

1/12 

490 

1 

4 

1,960 

0/4 


2 (6 hrs. apart) i 

2 

1,960 

1/4 

450 

1 

5 

2,250 

l] 



7 

3,150 

l[ 4 



S 

3,600 

oJ 

450 

2 (6 hrs. apart) 

3.5 

3,150 j 




4 

3,600 j 

2/ * 


•Essentially a solution of zirconyl ion in trisodium citrate. Details of preparation 
given in text. 

t The solution contained 24 mgm. as zirconium per cc. 
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A satisfactory solution of zirconium in sodium gluconate is prepared as follows; 

Eight hundred cc. of a solution containing 17.92 grams of sodium gluconate is brought to 
aboil and 30 cc. of zitconyl chloride solution containing 125-130 mgm. of zirconium per cc. 
is slowly added with constant stirring. The suspension is kept at the boiling point for 
fifteen minutes. After cooling, the suspension is centrifuged and the precipitate is washed 
with 200 cc. of water. It is then dissolved in 150 cc. of hot 0.2 M sodium gluconate and the 
solution is filtered into a sterile bottle. 

The zirconium concentration in the sodium gluconate solution was about 20 mgm. per 
cc. The pH was 4.6. 

The thoriiun containing solutions were prepared by adding 1 .9 grams of trisodium citrate 
to a solution containing 1.8 grams of thorium nitrate and diluting to a final concentration 
containing 5 mgm. of thorium per cc. 

Resdws and comment. The data concerning the acute toxicity are given 
in table 1. The standard error was calculated by the simplified graphical 
method of Miller and Tainter (2). 

Rats which received large frequent doses (table I ) of the zirconium or thorium 
compounds and survived thirty-six hours invariably recovered. The rats which 
died as a result of divided doses of the citrate compound of zirconium (table 2) 
lingered for periods as long as twelve days following their last injection. 

The animals which received fatal doses of zirconium or thorium had nasal 
hemorrhages and considerable mucus in the respiratory' tract. Upon autopsy 
considerable transudate was fbund in the peritoneal cavity. No gross damage 
to the liver or other organs was observed. 

Following the administration of large single doses of zirconium or thorium 
compounds, the animals lost weight steadily for two to three days, after which 
time their weight eventually reached those of the controls. The larger the dose 
of these metals administered, the greater W'as the maximum weight loss and the 
slower the recovery. These results are summarized in table 3. These same 
general relationships hold for the animals which received divided doses (figure 1) 
of the citrate salt of zirconium. However, since the total dose given was larger, 
it was found that some of the animals suffered a maximum weight loss of 27 
per cent before recovering. 

Histologic examination of sections of the kidney, adrenal, spleen, lymph node 
and heart was made one month after the injection date on rats which had re- 
ceived 1730, 960 and 480 mgm./kgm., respectively, of zirconium as the citrate 
salt. No lesions were found. Hematologic examination was made on two rats 
which had received 50 mgm./kgm. of zirconium as the citrate salt by intravenous 
injection three days previously. The total and differential leucocyte counts, 
hemoglobin concentrations and clotting times did not show any significant dif- 
ferences from the same determinations on the blood of the uninjected control 
animals. 

It has been reported previously (1) that 80-90 per cent of the zirconium 
(citrate salt) is excreted in the urine within the first twenty-four hours after 
intraperitoneal injection. Very' little zirconium was excreted in the feces. 
The greater toxicity' of the gluconate salt of zirconium as compared to the 
citrate salt may be due to a slower rate of excretion of the former. 
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The surviving rats appeared to be normal in all respects six months after 
receiving their last injection. 

It is of interest to note the striking difference in toxicity between the sub- 
group IV elements, Ti, Zr, Hf and Th as compared to the sub-group V elements, 
V and Cb. The former, compound for compotmd, are relatively non-toxic 
(disregarding the long range radiation effects of Th) while the latter elements 
are decidedly toxic. This being the case, it seems reasonable to assume the 
remaining elements of Sub-group V elements, namely Ta and Pa, would be quite 
toxic if administered in the form of soluble salts. However, the relative toxicity 
of the citrate complexes of the group V elements is an unexplored problem. 

Thorium nitrate when dissolved in sodium citrate appears to be less toxic 

TABLE 3 


Weight changes in rats following the intraperiloneal injection at frequent intervals of large 
doses of zirconium and thorium solutions* 


caiaovm 

TOIAt DOSE 
(as IDETAI.) 

' UAxnnm ave&ace 

1 weicbt loss attek 

•LAST mjECnoNt 



mgm.fktm. 

1 

days 

Zirconium (citrate salt) 

1,410 

8 1 

16 


960 

6 

8 


480 

2 

6 


230 

1 

2 

Zirconium (gluconate salt) 

242 

13 

20 ' 


200 


18 


ISO 

10 

10 

Thorium (citrate salt) 

60.8 

8 

10 


48.6 

4 

9 


23.7 

5 

9 


11.6 

2 

6 


* Solutions used and the conditions of injection are the same as described in table 1. 
t In all cases the maximum weight loss took place two to three days after the last in- 
jection. 


to dogs than it is to rats. It has been found that even when 250 mgm./kgm. of 
the citrate salt of thorium is administered intravenously to a dog no effect on 
circulation, or any other function, is observed (3). Undoubtedly a major 
reason for the relative nonto.xicity of the citrate salts of both Th and Zr is the 
fact that they are chemically bound as soluble anions, thus inhibiting the protein 
precipitating action of these otherwise highly charged cations. 

According to Fairhall (4) zirconium has only mild pharamacologic action and 
may even lack physiologic effects in small amounts. Lendle (5) cites work of 
Kaestle (6) who found that no trodc symptoms resulted from the intragluteal 
injection of several grams of the dioxide in rats after a period of eight months. 
Kaestle further showed that the injection of 0.4 gram/kgm. of soluble zirconium 
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salts to a rabbit produced no symptoms of intoxication. Daily feeding to a dog 
of 1 gram/10 kgm, of soluble zirconium salts did not result in any toxic symptoms 
after 146 days (5). 



Weight Changes in SunviviNa Rats Foehoviing Intbaperitoneae Injections 
OP AiRcoNUjjt Citrate AuinNisTERED in Divided Doses Over an Extended Period 

The solutions used and the condition of injection are those described in table 2. Each 
arrow represents a separate dose. The concentration of the dose for each series is as given 
in the graph. 


The remarkable innocuousness of the citrate salt of zirconium is encoura^g 
in view of its promising effectiveness in the treatment of plutonium poisoning 
(!)• _ Because of the probable radiation damage resulting from the use of thorium 
^oxide as a radio-opaque substance it would seem very worthwhile to investigate 
intensively the use of zirconium dioxide for this purpose. Kaestle (6) had used 
zirconium dioxide for x-ray visualization of the alimentary canal. 
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SUMMABY 

1. The acute toxicity in rats of the citrate and gluconate salts of zirconium and 
the citrate salt of thorium have been studied. The salts were administered by 
intraperitoneal injection at frequent intervals for not more than 20 hours in 
large doses and, in the case of zirconium citrate, in divided doses over a period of 
two to eight days. 

2. The LDso’s and the standard errors for the experiments where the animals 
received large frequent doses of the above salts were determined. 

3. Rats which survived 36 hours follonong the large frequent doses of the 
zirconium and thorium salts invariably recovered and exhibited no toxic symp- 
toms 6 months later. No hematologic or histologic effects of zirconium (citrate) 
were found. 

4. As much as 3,600 mgm./kgm. of zirconium (citrate) was tolerated by rats 
when administered by intraperitoneal injection once daily in doses of 450 mgm./ 
kgm. 

We are grateful to Miss Ruth P. Rhoades for carrying out the histological 
examinations and to Miss Rose Hunter and Mrs. Myrtle Karcher for their 
valuable services. We are indebted to members of the Biology Division and in 
particular to Dr. Hermann Lisco and Dr. Miriam Finkle for their admce on 
technical problems arising during the course of this work. 
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THE POTENTIATING EFFECT OF ANTIHISTAMINIC DRUGS UPON 
THE SEDATIVE ACTION OF BARBITURATES 

CHARLES A. WINTER 
With the technical assistance of Labs Flataker 
Afercfc Instftufc/or Tfierapeutic Research, Rahway, N. J. 

Received for publication May 4, 1948 

One of the drawbacks to the use of antihistaminic drugs for the alleviation 
of symptoms in allergy is the relative frequency with which undesirable side 
effects are encountered. The most common side reaction is drowsiness, which 
in some patients is of sufficient intensity to preclude the use of the drug during 
the day time. 

There has been no test in animals for the sedative effect of these drugs, and 
without such a test, it has not been possible to estimate the possible sedative 
effect of new compounds on man. In doses considerably below the toxic level, 
the common antihistaminic drugs have no apparent effect upon normal animals. 
Loew, et al. (1) observed no evidence of drowsiness in dogs which had received 
diphenhydramine hydrochloride (Benadryl), 10 mgm./kgm. subcutanteously. 
In our laboratory, we have administered similar doses of pyranisamine maleate 
(Neo-Antergan) and other antihistaminic drugs to mice, rats, dogs, guinea pigs, 
and monkeys, without observing evidence of sedation. If the dose is increased 
to toxic levels, excitability and convulsions are seen. Mayer, et al. (2) observed 
this phenomenon in dogs given tripelennamine hydrochloride (Pyribenzamine) 
intravenously, and we have seen it in mice and rats as well as dogs, after toxic 
doses administered subcutaneously, intraperitoneally, and orally. 

It is evident, then, that whatever potentially sedative effect antihistaminic 
drugs may have in animals is masked by a co-existing excitatory effect. In low 
doses, the two effects may cancel each other, and in high doses the excitatory 
effect predominates. It occurred to us that it might be possible to demonstrate 
a sedative action of these drugs in animals by administering a drug of known 
sedative action, and observing the effect of an antihistaminic drug when super- 
imposed upon it. 

Materials and methods. Rockland mice of both sexes, weighing 17 to 35 grains, and 
guinea pigs weighing about 500 grams, were used in these experiments. The antihistaminic 
compounds were injected subcutaneously, in aqueous solution. The barbiturate was 
administered intraperitoneally about one-balf hour after the antihistaminic drug. All 
solutions were of such strength that 0.2 ml. of solution was used for each 20 grams of body 
weight. 

The barbituric acid derivatives used were hexobarbital soluble (Evipal soluble, Win- 
throp) and pentobarbital sodium (Nembutal, Abbott). Antihistaminic compounds tested 
were N'-(p-methoxybenzyl)-N'-(2-pyridyl)-N,N-dimeth3’lethylenediamine (Neo-Anter- 
gan), N'-(2-pyridyl)-N'-benzyl-N,N-dimethylethylenediamine (Pyribenzamine), |3-dimeth- 
yiaminoethj'l benzohydryl ether (Benadryl), and N-(0-dlmethylamino-a-methylethyl-) 

7 
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phenothiazine (3277 K.P.)-' Experinienta were performed using the following combinations 
of drugs (in mice): anthibistaminic 10 mgm./kgm., Nembutal SO mgin./tgm.;Bntihistaminic 
10 mgm./kgra., Evipal 60, 80, or 100 mgm./bgm.; antihistaminic 20 mgm./kgm., Evipal 
40 rngm-Ag™- 

Most of the experiments were done in mice. The animals were placed in groups of 5 or 
6. In practice, it was found possible for one person to observe 3 groups (15 to 18 animals) 
at once. Two groups received antihistaminic drugs (usually a different drug for each group)' 
in addition to barbiturate, and the third group barbiturate only. The time of injection 
was noted, and thereafter observations were made of the animals’ condition at regular 
intervals. For most of the experiments, observations were made at 5 minute inten'als, 
beginning 15 minutes after the injection of barbiturate, and continuing until the last 
animal had awakened. When the per cent of animals awake was plotted, in probits’, against 
log of time after injection, a straight line was obtained. Therefore, the response to each 
treatment could be adequately characterized by the geometric mean waking time and its 
standard error. 

The stages of awakening of mice from barbiturate-induced sleep have been described by 
Carmichael (4). However, for the purposes of this study, it was found to be most con- 
venient to classify an animal as either “asleep” or "awake”. The criteria for considering 
an animal awake were: ability to walk in normal fashion, ej-ea wide open, fur not erected, 
nose and vibrissae in characteristic motion, and efforts to escape when picked up. After a 

TABLE 1 


The effect of antihistaminic drugs in prolonging the sedative action of Evipal in mice 
(Figures in parentheses are numbers of animals) 



PKUG 

EVIPAL 100 UCU./KCU. 

£\7PA1 100 UCtf./ECU. 

WITH AjmSISTAiOKlC 

10 ucu./ccu. 

PIT/ESXKCE 

1 

Pyribenzamine 

36.7 ±1.1 (47) 

40.7 ±1.2 (52) 

4.0 ±1.6, P = 


11 

Neo-Antergan 

37.1 ±1.1 (45) 

42.3 ±1.3 (49) 

5.2 ±1.7, P = 


III 

Benadryl 

39.3 ±1.4 (35) 

56.4 ±1.9 (39) 

17.1 ±2.3, P = 


IV 

3277 R.P. 

42.4 ±1.0 (38) 

56.5 ±1.2 (43) 

14.1 ±1.5, P = 



little practice, the end point was not difficult to judge, and was quite sharp, except in the, 
case of some animals receiving Benadryl and 3277 R.P., in which the awakening seemed 
more gradual. 

Results. The combination of Evipal 100 mgm./kgm. and antihistaminic 10 
mgm./kgm. gave consistent and clear cut results. The only differences noted 
with the other combinations were shifts in the positions and slopes of the curves. 
There appeared to be no qualitative difference in the results obtained. 

Table 1 and figure 1 present details of the results obtained with Evipal 
100 mgm./kgm. intraperitoneally after various antihistaminic compounds 10 
mgm./kgm. The smooth ounces in figure 1 were drawn from pooled data of all 
the e.xperiments, with time in minutes after Evipal on the abscissa, and per cent 

’ The author gratefully acknowledges generous supplies of material from the following: 
Benadryl, Parke, Davis and Co.; Pyribenzamine, Ciba Pharmaceutical Products, Inc.; 
3277 R. P., Societe des Usines Chimiques Rhone-Poulenc, Paris. The Neo-Antergan used 
in this study was manufactured by Merck & Go., Inc. 

’A probit is a “probabilitj- unit", which is equivalent to one standard deviation in 
response. For discussion, see Bliss (3). 
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of animals awake on the ordinate. These curves were obtained from the data 
in the following manner: the per cent of the animals awake, in probits (3), was 
plotted against log time after Evipal. From the equations of the straight lines 
so obtained, coordinate values were computed for use in plotting exactly the 
asymmetrical sigmoid curves. 

There was considerable variation from day to day in the exact position and 
slope of the control curve, but when this occurred there was a corresponding 
shift in the experimental curves. Although the mice used varied considerably 
in age, and were of both sexes, the animals in any one experiment were of uniform 
size, age, and sex. The control values given in table 1 are the geometric means 



TIME AFTER EVIPAL. MINUTES 

Fig. 1. Tto Eitect or AxTiHisTAiimc Devos, 10 Mgm./Egu., vpok the Waking 
Response Cgevb op Mice Tbeated with Eyipal 100 Mgm./Kgm. 


for the controls winch were run concurrently with each drug as indicated, whereas 
the control curve in figure 1 is derived from pooled data from all the controls. 
The day to day variation made it necessary to nm controls with each individual 

experiment. 

These data show that Pyribenzamine and Xeo-Antergan prolong the mean 
waking time by about 10 per cent, wiule Benadryl and 3277 B..P. prolong it 
about 40 per cent. In each instance, the difference between the control and the 
gioup receiving the antihistaminic drug was significant.’ Thirty-five minutes 
After Evipal, nearly one-half the controls had awakened, while only about 30 
per cent of the animals receiving Neo-Antergan or Pyribenzamine in addition to 

’ The anthor is indebted to Dr. W. H. Ott for statistical analjrsis of the data. 
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E'vipal were awake. None of the animals receiving supplementary doses of 
Benadryl or 3277 R.P. had awakened ■within 35 minutes, although from the 
shapes of the curv^es, one might e.xpect an occasional animal to awaken by this 
time when large numbers of animals are tested. 

Table 2 shows the results obtained in similar experiments, using Nembutal 60 
mgm./kgm. and Benadryl 10 mgm./kgm. It -null be seen that the results were 
very similar to those obtained with Evupal 100 mgm./kgm. The mean waking 
time was 36 minutes for the controls recei's’ing Nembutal only, and 54 minutes 
for the animals given Benadryl in addition. 

One experiment was performed using guinea pigs instead of mice. Guinea 
pigs were found to be more susceptible than mice to the sedative effect of E'vipal, 
35 mgm./kgm. intraperitoneaUy sufficing to produce sleep. The mean waking 

TABLE 2 


Effect of Benadryl in prolonging the effect of Nemhutal in mice 


TIME ATTE* NEMBOTAt 

BEKADSYt 10 UCM./EGM. + NEMBUTAL I 
30 UCW./CGU. 

KUMBES or ANIMALS I 

>JEMBUTAL 50 MCM./eCM. 
NUMBER OF ANIMALS 

Asleep 

Awake 

Asleep j 

1 Awake 






20 

10 

0 

10 

0 

25 

10 

0 

8 

2 

30 

10 

0 

7 

3 

35 

10 

0 1 

S 

5 

40 

9 

1 

3 

7 

45 

7 

3 

1 

9 

50 

7 

3 

0 

10 

55 

5 

5 

0 

10 

60 

1 

9 

0 

10 

65 

0 

10 

0 

10 

Mean waking time zfc S.E. . 

53.8 ±0.86 

36.0 ±0.86 


time of 6 guinea pigs receiving Evipal only was about 50 minutes, while '5 animals 
each receiving Benadryl 10 mgm./kgm. subcutaneously one-half hour before 
E-vapal had an average waking time of 73 minutes. The end point of waking 
was not as sharp or as easy to judge as in mice. 

Discussion. The potentiating effect of Benadryl upon the sedative action 
of the barbiturates, according to this test, is much greater than that of Neo-An ter- 
gan or Pyribenzamine. Clinical reports also show that Benadryl produces a 
greater incidence of sedation in man than do Neo-Antergan or Pyribenzamine. 
With the use of Benadrjd, McElin and Horton (6) reported side effects in 73 per 
cent of 74 cases, 44 per cent -nuth drowsiness. Thacker (6) found side effects in 
67 per cent of 72 patients, while Fuchs, et al. (7) observed drowsiness in 93 per 
cent of 30 patients. With Pyribenzamine, on the other hand, Arbesman, et al. 
(8) reported side reactions in 29 per cent of 495 patients. Bernstein, et al. (9) 
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compared the three drugs in 567 patients, and observed side effects in 23 per cent 
with Pyribenzamine and 27 per cent with Neo-Antergan. They did not report 
the incidence of side reactions with Benadrjd, except to remark that it was higher 
than for the other two drugs. In all reports, sedation was the most frequent 
side reaction observed. 

Clinical reports on the incidence of drowsiness or other side reactions in pa- 
tients receiving 3277 R.P. are not avaOable. On the basis of the results herein 
reported, we would expect 3277 R.P. to produce a rather high incidence of seda- 
tion. 


SUMMARY 

The antihistaminic drugs P 3 ’Tibenzamine, Neo-Antergan, Benadryl, and 3277 
R.P. prolong the sleep-producing effects of Evipal in mice. This potentiating 
effect was observed w’hen an antihistaminic drug 10 or 20 mgm./kgm. was in- 
jected subcutaneous^', followed one-half hour later by E\'ipal 40 to 100 
mgm./kgm. intraperitoneallj'. 

All the mice receiving Evipal 100 mgm./kgm. went to sleep, and, on the a\'er- 
age, 50 per cent of the animals awakened in about 37 minutes. The mean wak- 
ing time was prolonged about 10 per cent b 3 ' P 3 'ribenzamine and Neo-Antergan, 
and about 40 per cent b 3 ' Benadr 3 ’l and 3277 R.P. 

Comparable results were obtained b 3 ' a combination of Benadr 3 'l and Nembutal 
in mice, and Benadr 3 ’l and Evipal in guinea pigs. 

These results appear to correlate with the reported incidence of sedation as a 
side effect in patients receiving antihistaminic drugs. 
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In the years since Levy demonstrated that chloroform inhalation permits the 
initiation of ventricular fibrillation by stimulation of the sympathetic nervous 
system, or by amounts of injected epinephrine which are not ordinarily hazard- 
ous (1), a growing number of compounds has been found which share this prop- 
erty with chloroform. It now appears that if suitably examined, many unsub- 
stituted or halogenated hydrocarbons, whether gaseous, liquid or solid, can be 
shown to possess this action. Compoimds ranging in complexity of character 
from methane, cyclopropane and butane to xylene and 2,2 bis (p-chlorphenyl) 
1,1,1 triohlorethane (DDT) have been demonstrated to predispose the ventricles 
to the fibrillating action of epinephrine (2). 

On the other hand, epinephrine is not the sole sympathomimetic amine capable 
of producing ventricular fibrillation during the course of action of such hydro- 
carbons. Indeed, Meek has reported that several synthetic amines which con- 
tain the 1,2 dihydroxy benzene nucleus present in epinephrine are capable of 
initiating the gravest cardiac arrhythmias during cyclopropane anesthesia (3). 

Thus, ventricular fibrillation occurring during anesthetization with chlori^ 
orm, cyclopropane or ethyl chloride is not a capricious event but rather, an exhi- 
fition of a general pharmacological interaction between hydrocarbons and sym- 
bathomimetic amines. Although, during clinical anesthesia, as Levy pointed 
put initially, the sympathetic nervous system is the usual source of epinephrine 
oor ssmpathin), there is little evidence to suggest any essential difference between 
(his and the effect of injected sympathomimetic amines. In order to obtain some 
turther understanding of the mechanism by which the combined actions of these 
ftwo groups of substances induce ventricular fibrillation the following experi- 
ments were performed. 

Experimental. 1. Comparative effect of hydrocarbons and non-hydrocarbons 
on the irritability of heart muscle. 

Method. The isolated papillary muscle preparation introduced by Cattell and Gold 
(4) was used with the muscle bathed in Locke’s solution (5) containing sodium bicarbonate 
continuously buffered to pH 7.5 with 5 per cent carbon dioxide in 95 per cent oxygen in 
place of the usual phosphate buffer, and 0.01 M glucose. As reported by White and Salter 
(6) this resulted in preparations which showed little sign of failure for many hours. The 
muscle was stimulated by a thyratron oscillator discharge at a constant rate of approxi- 
mately 60 per minute. A variable resistance was connected in series between the stimulator 
and the stimulating electrodes. Examination of the stimulus wave form on an electro- 


’ Present address: Medical Division, Montefiore Hospital, Bronx, N. Y. 

♦Present address: Department of Pharmacology, TTniversity of Michigan, Ann Arbor, 
Michigan. 
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catdiograpli revealed a straight line inverse relationship between the resistance and the 
stiraulating voltage. Xo change in the shape of the stimulus was detected. 

Following stimulation with a constant stimulus slightly above the threshold lev'el dur- 
ing a 30 minute equilibration period, the stimulus was decreased by small decrements 
until the papillary muscle did not contract in response to any of 4 successive stunuli of a 
given intensity. The preceding stimuli were considered to be of threshold level. The 
stimulus was increased to the initial level and a second determination made 15 minutes 
later. If the two detemunations differed by more than 2 per cent, and a longer equilibra- 
tion period did not result in a constant level of irritability, the muscle was discarded. Ran- 
dom variations in resistance due to deflection of the muscle from the electrodes by gas 
bubbles were minimized by the use of Y-shaped electrodes with the muscle lying in the fork 
of the Y. 

Stock dilutions of the substance under test were freshly prepared in Locke’s solution 
on the day of the experiment as follows; benzene 50 mgm./cc., chloroform 200 mgm./lOO cc., 
ethyl ether, ethyl alcohol and acetone 1000 mgm./lOO cc. A suitable amount of stock solu- 
tion was added to the Locke’s solution surrounding the muscle to bring to the desired level 
the concentration of the substance being tested. 

Two minutes after the compound under study was added to the muscle bath the in- 
tensity of the threshold stimulus was again determined. The concentration was then 
increased and the procedure repeated. By replacing the Locke’s solution after washing the 
preparation it was possible to test both chloroform and ether on the same 10 papillary 
muscles. In 7, ether was tested first. Benzene, alcohol and acetone were each tested on 5 
muscles. 

Results. Increasing the concentration of chloroform and benzene, the two 
hydrocarbons used in this experiment, was found to produce a marked increase 
in the threshold of irritability of cardiac muscle. On the other hand, the three 
non-hydrocarbons, ether, alcohol and acetone were much less active, in that 
order. See figure 1 and table 1. 

All of these substances depressed the contractility of cardiac muscle in propor- 
tion to the degree of decreased irritability. In no instance did a spontaneous 
rh 3 d:hm develop after the addition of these compounds. On the contrary, where 
a spontaneous rhythm had been present the action of these substances was to 
abolish it. 

2. Relation o/ drugs affecting the sympathetic nervous system to the initiation of 
fibrillation. Although the actions of epinephrine on the circulatory system are 
involved, it is possible to divide sharply the excitatory and inhibitory actions. 
Advantage was taken of this fact to perform the following experiments. 

Method. Each cat waa anesthetized with Dial-urethane (Ciba), 0.7 cc./kgm. of body 
wei^t administered intraperitoneally; the trachea was cannulated and the carotid artery 
blood pressure and lead II of the electrocardiogram were recorded. Either chlorazol fast 
pink or heparin was the anticoagulant. Petroleum ether, a mixture of the lower hydro- 
carbons of the aliphatic series, (b.p. SS-SO'C.), was used because of its convenient physical 
properties. 

The response of each cat to the intravenous injection of 30 micrograms per kilogram of 
the amine to be tested was established. Ventricular fibrillation never occurred. When the 
effects of the annne had completely receded, 0.1 cc./kgm. of petroleum ether was adminis- 
tered intratracheally and the response established. After an interval of at least 15 minutes, 
another 0.1 cc./kgm. of petroleum ether was administered intratracheally, followed in 30 
seconds by an intravenous injection of 30 micrograms per kilogram of the amine under 
test. If necessary, fifteen or more minutes later the test was repeated. A third trial was 



14 


SOLOMON GARB AND ^^AYNARD B. CHENOWETH 


sometimes necessary in which 0.2 cc./kgm. of petroleum ether and 60 micrograms per kilo- 
gram of amine were used. 

Epinephrine hj’drochloride, nor-epinephrine hydrochloride (Arterenol) and N-isopropyl 
epinephrine hydrochloride (Isuprel) were used. Dilutions containing the desired dose in 
2 CO. of physiological saline were prepared from refrigerated 1:10,000 stock solutions. Each 
injection was made in 20 seconds. When N,N-dibenzyl-/3-chloroethylamine hydrochloride 
(Dibenamine) was used it was dissolved in propyleneglycol and injected very slowly intra- 
venously 7 to 20 minutes before the fibrillation test was performed. 


The effect of concentration on the threshold stimulus 



Results. From the data of table 2 it is clear that the excitatory actions of 
epinephrine are responsible for the development of ventricular fibrillation. Nor- 
epinephrine, which exerts only excitatory actions, is probably equal to epineph- 
rine in effectiveness; while N-isopropyl epinephrine, a purely inhibitory com- 
pound, is incapable of initiating ventricular fibrillation, although it did produce 
other irregularities. 

Prior administration of 3 mgm./kgm. of Dibenamine to 10 cats did not alter 
the vasopressor.effect of either 10 or 30 micrograms per kilogram of epinephrine. 
I^Tien epinephrine, 30 or 60 micrograms per kilogram, was injected into the same 
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10 cats during petroleum ether inhalation, all the cats developed heterotopic 
ventricular tachycardia and elevated blood pressure, but onlj^ 2 actually de- 
veloped ventricular fibrillation. 

3. Ekctrocxirdiographic observations. In the experiments described above, elec- 
trocardiograms vrere taken usually to confirm the presence or absence of ven- 
tricular fibrillation. The actual onset of the ventricular fibrillation vras recorded 
in 11 instances. A characteristic pattern rvas noted in each of the records, 
consisting of a QRS complex smaller than most QRS complexes, followed by a 
T-wave of higher voltage than the QRS. 

T.ABLE 1 


The effect of concchlration on the threshold of myocardial irritahility 


ucM.yioo cc. 


bejotke 

rrsxs 

AlCOHOL 

AfXTOJvE 

10 

10S% 

104%, 





(O.OSl luM.) 

(0.13 mJI.) 




20 

m% 

107% 





(0.17 mM.) 

(0.26 luM.) 




30 

133% 

123% 





(0.23 init,) 

(0.3S mM.) 




•JO 

148% 

i 133% 


1 



(0.34 mSl.) 

(0.51 m.M.) 




50 

I 

170% 


1 



j (0.42 mM.) 

(0.64 mM.) 

! 

1 


60 1 

190%, 

(0.50 mM.) 





70 

213%, 

(0.59 mM.) 





100 



108%, 

(1.4 mM.) 



200 



121% 

(2.7 mM.) 


1 

300 



135% 

(4.1 mM.) 



500 




110% 

101% 





(11 mM.) 

(8.6 mM.) 

1000 




121% 

107% 





(22 mM.) 

(17 mM.) 


At the peak of the T-wave, a rapid deflection opposite in direction to the ini- 
tial T-wave deflection occurred, accompanied by a sudden fall to zero of the 
carotid artery pressure. This deflection is considered the beginning of ventricu- 
lar fibrillation. Two typical examples are presented in figure 2. The signifi- 
cance of the electrocardiographic pattern cannot be determined until further 
studies are made. 

In none of the records was there any evidence of the acceleration described by 
Harris and hloe (7) as initiating fibrillation under certain circumstances. 

Discussion. The results of the experiments on myocardial irritability demon- 
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TABLE 2 


Shouing the frequency of ventricular fibrillation in cals following the administration of 
sympathomimetic amines during hydrocarbon inhalation in the presence and absence of 

adrenergic block 


1 

1 

AiONC HCl 

B 

KO FIBftUXAT' 1 
INC ATTEJl 

30 y/kcit 

OF AUIMi: 

KOUBEK 
FIBRILLATINC 
ATTZR 60 7/SCU 
or AUIKE BUT 
NOT AFTER 

[ TOTAL MIUBER 
FIBWliATINC 

1 FEB CENT 
FZBRrLLATING 

Epinephrine . . 

20 1 

14 

4 

18 

90 

Epinephrine (after 3 mgm./ 
fcgm. Dibenamine) 

10 

1 

1 

1 

1 

2 

20 

Nor-epinephrine 

5 

o 

3 

5 

100 

AT-isopropyl epinephrine 

9* 

0 

0 

0 

0 


* In 4 of these the descending arch of the aorta was compressed about 10-15 seconds 
after the JV-isopropyl epinephrine had been injected, raising the carotid pressure about 
50 nun. of Hg. 




Fig. 2. An Enlargement of Two Typical Electrocabdioora.ms of Cats (Lead II) 
Showing the Onset of Ventricular Fibrillation after the Administration of 
Petroleum Ether and Epinephrine 

The numbers identify the last QRS (1) and T waves (2) before the onset of ventricular 
fibrillation (3). (Retouched) 

strate that chloroform and benzene, two hydrocarbons, raise the threshold of 
irritability very greatly, while ether, alcohol and acetone have comparatively 
little effect. Changes in chloroform concentration of 5 mgm. per 100 cc. pro- 
duced a change of 4 to 6 per cent in the threshold of myocardial irritability, while 
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a change of 5 mgm. per 100 cc. in ether concentration produced a change of only 

0.3 to 0.5 per cent in the threshold. It may reasonably be assumed that all parts 
of the heart do not contain exactly the same concentration of a volatile anesthetic 
during inhalation anesthesia, particularly during induction and recovery. In 
addition to the usual variations in the response of a population (here myocardial 
cells) to a drug there may be some variation in concentration between different 
parts of the heart due to fluctuations in concentration of the gas in the inspired 
air, differences in rate of flow between small branches of the coronary arteries, 
etc. Therefore, it seems likely that during the inhalation of hydrocarbons, which 
markedly reduce myocardial irritability, some portions of the myocardium are 
less irritable than others, and therefore, small, temporary blocks are produced. 
There was no evidence that the hydrocarbons themselves induced ventricular 
automaticity, demonstrating the necessity for the concurrent presence of sym- 
pathin or sympathomimetic amines. In this respect it is evident that nor- 
epinephrine is fully as potent as epinephrine in producing ventricular fibrillation 
during hydrocarbon inhalation, while N-isopropyl epinephrine is not. 

Although at present there is insufficient work to permit exact interpretation of 
the electrocardiographic findings, certain facts appear suggestive. The regular 
occurrence of a very low voltage QRS complex just preceding fibrillation, albeit 
recorded in a single lead (II), in a heart with decreased myocardial irritability 
permits the inference that fibrillation may have developed as the result of the 
stimulation and contraction of only the least depressed portions of the ventricle 
with subsequent re-entry in the manner described by Wiggers (8). Studies are 
planned which will explore this concept further. 

The effectiveness of Dibenamine in preventing ventricular fibrillation from 
epinephrine and cyclopropane was well established by Nickerson and Goodman 
(9). However, the doses of Dibenamine used (20 mgm./kgm.) were such as to 
reverse completely the pressor effects of epinephrine. It is now apparent that 
Dibenamine is an efficient protecting agent, even in doses (3 mgm./kgm.) which 
do not reverse the pressor effects of epinephrine. The mechanism is obscure. 
Although ventricular fibrillation was prevented by these doses of Dibenamine 
in 80 per cent of the trials, heterotopic ventricular rhythms developed as fre- 
quently as in experiments without Dibenamine. This latter phenomenon was 
seen by Moe and his coworkers when dogs which had received Dibenamine (20 
mgm./kgm.) were injected intravenously with epinephrine during cyclopropane 
anesthesia and the blood pressure was maintained by a pressure regulator or 
forced to rise by aortic compression (10). It is possible that the relative anti- 
fibrillatory effectiveness of Dibenamine in doses which do not reverse the pressor 
effects of epinephrine is related to the quinidine-like action of Dibenamine de- 
scribed by Acheson, Farah and French (11). 

SUMXIARY AND CONCLUSIONS 

1. CWoToform and benzene raise the threshold of myocardial irritability very 
markedly, while ether, alcohol and acetone raise it but slightly. 

2. Dibenamine exerts a protective action against hydrocarbon-epinephrine 
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induced ventricular fibrillation in doses which do not reverse the pressor effects 
of epinephrine. 

3. Nor-epinephrine produces ventricular fibrillation during hydrocarbon in- 
halation, while N-isopropyl epinephrine does not. 

4. A characteristic electrocardiographic pattern is seen just before the onset of 
ventricular fibrillation. 
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The peripheral and central effects of methadon are very similar to those oi 
morphine. Scott et al. (1) have shown that the drug injected into dogs produces 
cardiac slonving, salivation, increased intestinal motility which is antagonized by 
atropine, constipation due to spasm after prolonged administration, and respira- 
tory depression. Methadon, like morphine, raises the blood sugar of dogs (2), 
and this effect of hoth drugs decreases equally after a series of injections. In 
man (3), methadon in 15-30 mgm. doses slows respiration and the pulse rate and 
lowers systolic pressure. Like morphine it has little effect on the blood sugar 
level of man; upon intravenous administration it causes dizziness due possibly 
to a rapid lowering of blood pressure. The inhibition of cholinesterase by mor- 
phine (4, 5) may in part explain its cholinergic effects and it was of interest, 
therefore, to study the effects of methadon on this esterase. It may also be 
noted that meperidine (Demerol), which has already been shown to inhibit the 
esterase (6), increases intestinal motility and produces cardiac slowing in the 
dog (1). In man, however, it apparently has few cholinergic effects; in fact, its 
actions are more like those of atropine (7). 

Experimentai.. Two rat brains were ground in a Waring blendor with 60 
cc. of distilled water. One drop of 2N acetic acid was added and the suspension 
was centrifuged. The supernatant was discarded, the solid was resuspended in 
water, acid was added and the suspension was re-centrifuged. This process was 
repeated five times in order to insure the removal of any blood esterase. The 
final material was suspended in 20 cc. of M/20 phosphate buffer, pH 7.45, and 
0.4 cc. of this was used in each Warburg vessel in a final volume of 3.2 cc. Phos- 
phate-bicarbonate buffer was used and the hydrolysis measured in 95 per cent 
nitrogen-5 per cent carbon dioxide in the usual way. 

Methadon (Lilly), containing 0.5 per cent chlorobutanol was made up in the 
buffer-bicarbonate mixture. This amount of chlorobutanol had no effect on the 
enz5rme. For the sake of greater accuracy, freshly made up mecholyl bromide, 
rather than a salt of acetylcholine, was used as substrate. In order to determine 
the Michaelis constant it is necessary to use substrates the molar strength of 
which is not too far removed numerically from the value of the constant, other- 
wise the change of initial velocity with change in substrate concentration is too 
small. In the case of acetylcholine and true cholinesterase the constant is such 
that to satisfy this condition it would be necessary to use concentrations of 
acetylcholine so sniall as to make impossible accurate measurements of velocity. 
The value of the inhibitor-enzjTue dissociation constant is the same whether 
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acetylcholine or mecholyl be employed as substrate. Only one isomer of mecholyl 
is hydrolyzed (8). Controls showed that the rate of hydrolysis in the absence 
of enzyme was negligible. 

The evolution of carbon dioxide was followed at intervals of 10 to 15 minutes 
for two hours or more. During this period a large proportion or even all of the 
substrate was hydrolyzed; the rate therefore gradually fell off. It was found, 
however, that the course of the reaction could be accurately represented by the 
familiar equation: 


log 


a 

(a - x) 


ct 


Results were fitted to this, and the velocity constant, c, was thus obtained, 
this, the initial velocity, which is equal to c-a, was calculated. 


From 



Fig. 1. The Effect of Different Concentrations of Methadon on the Rate of 
Htdrolfsis Of Mecholti, by Brain Chounestebase 

The Michaelis-Menten equation is usually given in the form: 

Va 

" a + K 

V, being the initial velocity, V, the maximum velocity at “infinite” substrate 
concentration, o, substrate concentration and K, the dissociation constant. More 
useful are linear forms of this equation, and it has been previously pointed out 
(9) that it may be transformed into: 

V =V - K-c 

where c is the velocity constant previously mentioned; it is, of course, equal to 
vja. 

Competitive inhibition is characterized by a change in slope from K to 
fiL(l + i/K,), i being the molar concentration of inhibitor, and Ki its enzyme 
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dissociation constant. In non-competitive inhibition the change is in the inter- 
cept, V. In an experiment using throughout the same enzyme preparation, 
values for the slope were found to be 0.000084 in the absence of methadon, and 
0.0014 in the presence of this substance (0.00608 ill). Corresponding values 
for V were 0.000014 and 0.000012, respectively. The change is in the slope, and 
inhibition is competitive. 

The effect of changing inhibitor concentration is best shown if the equation 
is rearranged with substitution of new constants, a and h, to give: 

1/v = a -b h‘i”, 

where n is the number of molecules of inhibitor combining with one molecule of 
enzsune. Data from an experiment are plotted in fig. 1. Since aU points fall 
on a straight line it follows that the value for n must be 1. 

It is now possible to calculate the inhibitor-enzyme dissociation constant. In 
two experiments without methadon the values of the mecholyl-enzyme dissocia- 
tion constant, K, were 6.5 X 10~* and 8.4 X 10“^, the average being 7.5 X 10"^ 
In two other experiments ivith a methadon concentration of 0.00608 M, values for 
K{1+ i/Ki) were found to be 1.1 X 10”’ and 1.4 X 10”’, respectively. Using 
an average value of 1.2 X 10”?, the value for Ki is found to be 4 X 10”^. 

Discussion. It probably is merely fortuitous that the three most powerful 
analgesics inhibit the cholinesterase in vitro and show evidence, although to dif- 
ferent degrees, of cholinergic effects in vivo. Certainly many drugs which in- 
hibit the enzyme have no analgesic effect. It is also true that some adrenergic 
compounds, such as amphetamine, are analgesics under certain conditions and 
these compounds may inhibit the amine oxidase of brain but they have no effect 
on the cholinesterase. Other analgesics such as salicylate and aminopyrine ap- 
parently have no effects on the autonomic system. Unless analgesia by different 
drugs is effected by different mechanisms, the inhibition of cholinesterase cannot 
be considered to be part of the analgesic action, but it does offer a probable ex- 
planation for the similar peripheral effects of morphine, methadon, and mepreri- 
dine. 


SUMMARY 

Methadon inhibits the cholinesterase of rat brain. The characteristics of the 
inhibition are described. 
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A study of the fate of acetanilide in man required sensitive methods for the 
estimation of acetanilide and its metabolites in biological material. A method 
for aniline previously described (1) is not sensitive enough to estimate the small 
but significant amounts of this compound in plasma after the administration of 
acetanilide to man. Methods have been described for acetanilide, N-acetyl 
p-aminophenol and p-aminophenol (2). These are based on non-specific chemi- 
cal reactions and are without rigorous appraisal as to whether the substances 
measured are identical with an authentic sample. 

The determination of drugs in biological material has relied principally on^ 
spectrophotometric procedures. The question presents itself whether closely 
related compounds, derived in the body from the parent drug, are included in 
the measurement. Independent evidence must therefore be obtained as to 
whether the substance measured is identical with the knoum compound. 

A technique previously described (3, 4) permits the identification and, to a 
considerable degree, the establishment of purity of the substance being measured. 
It involves a comparison of the distributions of the substance with those of the 
authentic substance in a two-phase system consisting of an organic solvent and 
water at various pH values. Dissimilar distributions indicate the presence of a 
substance different from the authentic compound. To escape detection, a trans- 
formation product must simulate the known compound to an improbable degree, 
in that it would have identical solubility characteristics in two solvents, and a 
similar dissociation constant. The procedure is suited to studies with biological 
material since it requires only a few micrograms of the particular substance. An 
additional advantage is that the information obtained on the solubility charac- 
teristics of the interfering substances may be applied towards a modification of 
the basic procedure to obtain the desired specificity. 

Methods for the determination of acetanilide and its metabolic products in 
biological material are described below. The specificity of these methods has 
been appraised bj>' the distribution technique. 

Determination ofwiniline. The aniline is isolated from the biological 
sample by extraction into benzene. It is returned to acid, diazotized and coupled 
with N(l-naphthyl) ethylene diamine at pH 7. The resulting dye is extracted 

* The work described in this paper was supported by a grant from the Institute for the 
Study of Analgesic and Sedative Drugs. 
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into a small volume of benzene, acidified and assayed in a spectropbotometer 
adapted to small volumes (5). 

Procedure. Add 1 to 5 ml. of biological sample’ at pH 6 or higher, (sample containing 
up to 2 micrograms of aniline) to 30 ml. of isoamyl alcohol-benzene’ in a 60 ml. glass stop- 
pered bottle. Shake for 10 minutes. Centrifuge the bottle. Transfer 20ml. of the benzene 
phase to a 60 ml. glass stoppered bottle containing 6 ml. of O.IN HCl. Shake for S minutes 
and centrifuge. Remove the organic phase by aspiration. Transfer 5 ml. of the acid 
phase to a 15 ml. conical glass stoppered tube. Add 0.5 ml. of 0.2 per cent sodium nitrite 
solution. Wait 10 minutes and add 0.5 ml. of 1 per cent ammonium sulfamate solution. 
-After 3 minutes add 1 ml. of 50 per cent sodium acetate solution and 0.5 ml. of 0.2 per cent 
N(l-naphthyl) ethylene diamine dihydrochloride. Wait 20 minutes’ and then add 0.5 ml. 
of 6N NaOH and 0.5 ml. of isoamyl alcohol-benzene. Shake for 1 minute thus extracting 
the dye into the benzene. Centrifuge and remove the aqueous layer by aspiration. 

Transfer 0.3 ml. of the solvent to a micro colorimeter tube and add 0.05 ml. of a 25 per 
cent solution of trichloroacetic acid in ethjdene dichloride. Mix by tapping the tube and 
determine the optical density of the solution at 570 mu using the Coleman Model 6 spectro- 
photometer adapted to micro spectrophotometry (5). 

A reagent blank run through the procedure is used for the zero setting. This reagent 
blank should not read more than 0.020 when benzene plus trichloroacetic acid is used for 
the zero setting. 

Standards are prepared by taking 5 ml. of standard aniline solution in O.IN HCl, adding 
nitrite, sulfamate, acetate, coupling reagent and alkali, and extracting the dye into benzene 
as above. Five ml. of O.IN HCl plus the other reagents are used for the zero setting. The 
optical densities were found to be proportional to concentration. An optical density of 
about 0.220 is obtained in the Coleman Model 6 spectrophotometer when 1 microgram of 
aniline is run through the procedure. 

Aniline added to plasma and urine in amounts from 0.5 to 2 micrograms was 
recovered with satisfactory precision (98 ± 5 per cent). 

Acetanilide did not hydrolyze to aniline in stored samples of plasma and urine. 
However, acetanilide hydrolyzed at various rates in other tissues. T^Tiole blood 
and homogenized organ tissues should therefore be acidified before storing when 
acetanilide is also present. 

Detebmination of ACETANILIDE. The acetanilide is isolated from the bio- 
logical material by extraction into ethylene dichloride. The ethylene dichloride 
is evaporated and the residue taken up in acid. The acetanilide is hydrolyzed. 
The resulting aniline is diazotized and coupled with N (1-naphthyl) ethylene 
diamine at pH 7 , The resulting dye is assayed in a spectrophotometer. 

Procedure /or plasma and organ tissues. Add 1 to 6 ml. of biological material’ at pH 6 
or higher , (sample containing up to 20 micrograms of acetanilide) to 30 ml. of the isoamyl 


’ Organ tissues and feces are prepared for analysis by emulsification in acid as described 
in a previous paper (4). 

’ Solvents arc purified by succe^ive washings with IN NaOH, IN HCl, and three wash- 
ings with water. Reagent grade isoamyl alcohol (1.5 ml. per 100 ml. of solvent) which has 
been similarly treated is added to each solvent to minimize the absorption of the compound 
from the solvent onto the glass surface. The ether, reagent grade, should be washed the 
day it is used ec meal grades of benzene and ethylene dichloride are adequate. 

* In the determination of larger amounts of aniline such as mav be found in urine, the 
solution of the dye is acidified a-ith 0.5 ml. of concentrated HCl and the optic.al density of 
the resulting solution determined directly at 550 mu. 
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alcohol-ethylene dichloride’ in a 60 ml. glass stoppered bottle. Dilute the aqueous phase to 
5 ml. if its volume is mailer than this. Shake for 10 minutes. Transfer the contents to a 
SO ml. tube and centrifuge. Remove the aqueous phase by aspiration. Transfer 20 ml. 
of the solvent phase to a SO ml. wide-mouthed, graduated conical tube and evaporate on a 
boiling water bath to about 0.25ml. A stirring rod in the tube aids evaporation. Add about 
8 ml. of IN HCl and heat for one hour on a boiling water bath. Then add 1 drop of phenol- 
phthalein indicator and neutralize with 6N NaOH. Adjust dropwise to the acid side with 
IN HCl. Add 0.6 ml. of IN HCl and adjust the volume with water to e.vactly 6 ml. Trans- 
fer S ml. of the solution to a colorimeter tube. Add O.S ml. of 0.2 per cent sodium nitrite 
solution. Wait 10 minutes and add 0.5 ml. of 1 per cent ammonium sulfamate solution. 
After 3 minutes add 1 ml. of 50 per cent sodium acetate solution® and 0.5 ml. of 0.2 per cent 
N (l-naphthyl) ethylene diamine dihydrochloride. After 20 minutes add 0.5 ml. of con- 
centrated HCl. Determine the optical density of the resulting dye with a spectrophotom- 
eter at 550 mu. A reagent blank run through the above procedure is used for the zero 
setting. This reagent blank should give a negligible reading when O.IN HCl is used for the 
zero setting. 

Procedure for urine. Carry out the analysis as described for plasms through the hy- 
drolysis step. A brown pigment is formed in the case of urine from subjects receiving 
acetanilide. To separate the aniline from this interference adjust the pH of the solution 
to 7 or higher, extract into benzene and proceed as in the aniline procedure®. 

The distribution of acetanilide in an ethylene dichloride-water system is such that with 
volumes of 30 and 5 ml. respectively, about 90 per cent of the acetanilide is in the organic 
phase. Standards are prepared by handling known amounts of acetanilide in the same man- 
ner as the unknown. The optical densities were found to be proportional to concentration. 
An optical density of about 0.300 is obtained in the Coleman Model 6 spectrophotometer 
when 10 micrograms of acetanilide are run through the plasma procedure. 

Acetanilide added to plasma, urine and homogenized organ tissues in amounts 
from 4 to 15 micrograms was recovered with adequate precision (99 ± 5 per cent). 

Repeated analyses of individual samples of refrigerator stored samples indi- 
cated that acetanilide was stable in plasma and urine but hj’^drolyzed to aniline 
at various rates in other tissues. To prevent this decomposition whole blood and 
homogenized organ tissues were acidified before storing. 

Determination of N-acettl p-aminophenol. N-acetyl p-aminophenol is 
extracted from the biological material into ether. The extraction is augmented 
by saturating the aqueous phase with sodium chloride. The N-acetyl p-amino- 
phenol is returned to alkali and h3^droIyzed in acid to p-aminophenol. The 
p-aminophenol is diazotized and coupled with alpha naphthol to form a dye 
which is assayed spectrophotometrically. This reaction for p-aminophenol is 
less sensitive than the indophenol one described later. However, use of the lat- 
ter reaction involves neutralization of an excess of acid with the attendant danger 
of overrunning to the alkaline side and the consequent destruction of p-amino- 
phenol. 

Procedure. Add 1 to 5 ml. of biological sample’ at pH 9 or lower, (sample containing up 
to SO micrograms of N-acetyl p-aminophenol) to a 125 ml. glass stoppered bottle containing 

® Occasionally a slight turbidity persists at this stage. This turbidity is corrected for 
by reading the optical density of the solution at this stage before the addition of the cou- 
pling reagent and subtracting the reading from the final optical density of the dye. 

® Acetanilide values in urine are corrected for aniline also present. 
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2.5 graniB of sodium chloride and 50 ml. of isoamyl alcohol-ether*. Dilute the aqueous 
phase to 5 ml. if its volume is smaller than this. Shake for 15 minutes and centrifuge the 
bottle. Transfer 40 ml. of the ether phase to a 60 ml. bottle containing 5 ml. of O.IN NaOH. 
Shake for 5 minutes and centrifuge. Remove the organic phase by aspiration. Transfer 
4 ml. of the alkali phase to a test tube containing 1 ml. of concentrated HCl. Cover the 
mouth of the tube with a glass marble to prevent evaporation and place in a boiling water 
bath for 30 minutes. Cool, and transfer 4 ml. of the solution to a colorimeter tube. Add 
0.5 ml. of 0.2 per cent sodium nitrite solution. After 20 minutes add 0.5 ml. of 1 per cent 
ammonium sulfamate solution. After 3 minutes add 0.1 ml. of a 12 per cent solution of 
resublimed alpha naphthol in alcohol followed by 2 ml. of 5.5N NaOH. Cool immediately 
by immersion in cold water to prevent decomposition of the alpha naphthol. After 6 
minutes determine the optical density of the resulting dye at 510 mu. 

A reagent blank is run through the procedure and is used for the zero setting. This 
reagent blank should give a negligible reading when O.IN HCl is used for the zero setting. 

The distribution of N-acetyl p>aminophenol in an ether saturated saline system is such 
that with volumes of 50 and 5 ml. respectively, about 90 per cent of the N-acetyl p-amino- 
phenol is in the organic phase. Standards are prepared by handling standard amounts of 
acetyl p-aminophenol in the same manner as the unknowns. Standards are run concur- 
rently with the unknowns since there is a small daily variation in the optical densities. An 
optical density of about 0,110 is obtained on the Coleman Model 6 spectrophotometer when 
10 micrograms of N-acetyl p-arainophenol are run through the procedure. 

Recoveries of N-acetyl p-aminopbenol added to plasma, urine and organ tis- 
sues in amounts of 10 to 50 micrograms were adequate (100 =b 4 per cent). 

Determination of p-aminophenol. Free p-aminopbenol is separated from 
the biological material by extraction into ether. It is then returned to acid and 
coupled with phenol in the presence of sodium bypobromite to form an indophenol 
dye. This dye is assayed spectropbotometrically. 

Total conjugated p-aminopbenol consisting of the acetylated and the hydroxy 
conjugated derivatives is hydrolyzed to free p-aminopbenol by heating the acidi- 
fied biological material under pressure. 

Procedure. Add 1 to 5 ml. of biological material* at pH 7 to 8 to 50 ml. of the isoamyl 
alcohol-ether*, in a 60 ml. glass stoppered bottle. Dilute the aqueous phase to 5 ml. if its 
Volume is smaller than this. Shake for 10 minutes and centrifuge the bottle. Transfer 40 
o! the ether phase to a 60 ml. glass-stoppered bottle contmning 6 ml. of O.OIN HCl. 
Shake for 5 minutes and centrifuge. Remove the organic phase by aspiration. Transfer 
aliquot of the acid phase containing up to 15 micrograms of p-aminophenol to a color- 
Jnieter tube and dilute to 5 ml. with O.OIN HCl, Add 1 ml. of freshly prepared 1 per cent 
phenol solution. Then add 1 ml. of freshly prepared sodium hypobromite solution. This 
solution is prepared by adding broimne water to IN sodium carbonate until the solution 
18 slightly yellow. After 20 nunutes determine the optical density of the resulting dye with 
a spectrophotometer at 620 mu. 

Procedure for total conjugated ‘p-aminophenol. Add 1 to 5 ml. of biological material* 
to 1 ml. of concentrated HCl in a 15 ml, graduated conical tube. Dilute the aqueous phase 
to 6 ml. if the volume is smaller than this. Heat the solution in an autoclave at 15 pounds 
pressure for 1.5 hours. Adjust the volume to exactly 6 ml. Transfer a 5 ml. aliquot to a 
125 ml. glass stoppered bottle containing 5 grams of KjHPO*. Mix thoroughly. Add 
50 ml. of the isoamyl alcohol-ether and estimate the p-aminophcnol as above- 

A reagent blank run through the above procedure is used for the zero setting. The 
reagent blanks should give a negligible reading when O.OIN HCl is used for the zero setting. 

The distribution of p-aminophenol in an ether-water system is such that with volumes of 
50 and 5 ml. respectively , about 85 per cent of the p-aminopheriol is in the organic phase. 
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Some of the p-aminophenol is lost during the manipulations. This loss is negligible when 
p-aminophenol in the order of 20 micrograms for plasma and 40 micrograms for urine are 
run through the procedure. There are appreciable losses for smaller amounts. The loss 
varies with the nature of the biological material. For this reason standards consisting of 

TABLE I 

Distribution of aniline and apparent aniline between benzene and water at various pH values 
The apparent aniline was obtained by extraction with benzene of the urine of two sub- 
jects. One subject received acetanilide and the other, aniline. The apparent aniline was 
returned to dilute acid. Aliquots of this solution and of an authentic solution of aniline 
were adjusted to various pH values and shaken with S volumes of benzene. The fraction 
of the compounds extracted at various pH values is expressed as the ratio of the amount 
of compound in the organic phase to total compound. 


A 

URXNZ B 

pH 

Authentic 

aniline 

(a) 

Apparent amiine 
from urine 
(b) 

pH 

Authentic 

aniline 

(c) 

Apparent aniline 
from urine 

(a) 

3.2 

■H 

0.38 

2.7 

0.30 

0.29 

4.3 


0.83 

3.7 

0.80 

0.79 

5.5 

0.98 

0.93 

4.9 

0.99 

0.96 

6.0 

0.9S 

0.93 

5.9 

0.99 

0.98 

7.0 

0.98 

0.98 


0.9S 

0.97 

9.0 

0.97 

0.95 

7.9 

1.03 

0.99 

II.O 

0.93 

0.95 


1.05 

1.01 


Column (b) apparent aniline from the urine of a subject receiving acetanilide : column (d) 
apparent aniline from the urine of a subject receiving aniline. 


TABLE II 

Distribution of acetanilide and apparent acetanilide between water and various ethylene 
dichloride-petroleum ether mixtures 

The apparent acetanilide was obtained by extraction with ethylene dichloride, of the 
plasma of a subject receiving the drug. The ethylene dichloride phase was evaporated 
to dryness and the residue dissolved in water. Aliquots of this solution and of an authentic 
acetanilide solution were adjusted to pH 7.0 and shaken with equal volumes of the various 
ethylene dichloride-petroleum ether mixtures. The fraction of the compounds extracted 
with the various solvent mixtures is expressed as the ratio of the amount of compound in 
the organic phase to total compound. 


CEtrt BETBOLHUit HTSCB. IK 
ETHYLENE BICHLORIDE 

AUTHENTIC ACETANILIDE 

ATBARENT ACETANILIDE 
raOK PLASUA 

0 

0.89 

0.90 

20 

0.89 

0.86 

40 

0.83 

0.86 

60 

0.71 

0.73 

SO 

0.48 

0.47 


0.11 

0.11 


known amoimts of p-aminophenol added to biological material and extracted as described 
above are run concurrently with the unknowms. An optical density of about 0.520 is ob- 
tained in the Coleman Model 6 spectrophotometer when 20 micrograms of p-aminophenol 
are run through the procedure. Two micrograms of p-aminophenol can be detected. 
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Specificity of methods. There was a negligible blank for each method in 
normal biological material. The extent of the interference of other known or 
unknown metabolic products of acetanilide was studied by the distribution tech- 
nique (3, 4). The distributions of aniline, X-acetyl p-aminophenol and p-amino- 
phenol (obtained after hydrolysis of conjugated forms) between an organic sol- 
vent and water at various pH values were compared with those of the apparent 

TABLE III 

Distribulion of N-acetyl p-aminophcnol and apparent W-acclyl p-aminophenol belirecn ether 
and water at various pH values 

The apparent K-acetyl p-amlnophenol was obtained by extraction with ether of the 
NaCl saturated plasma, of a patient receiving acetanilide. The compound was then re- 
turned to dilute alkali. Aliquots of this solution and an authentic N-acetyl p-amino- 
phenol solution were saturated with NaCl, adjusted to various pH values and shaken with 
5 volumes of ether. The fraction of the compounds extracted at various pH values is 
expressed as the ratio of the amount of compound in the organic phase to total compound. 


pH 

AtnSl^KTIC X-ACETYL 
p-AlUKOPHEKOL 

APPAX£KT N-AtXTVI. p-AMlKOPHrKOL 
nOU FLASUA 

7 

0.91 

0.86 

9 

0.85 

0.83 

10 

0.61 

0.66 

11 

0.57 

0.60 

13 (0.1 N NaOH) 

0.0 

0.0 


TABLE n- 

Distribution of p-amincphcnol and apparent p-aminophenol between ether and water at various 

pH calues 

The apparent p-aminophenol was obtained by extraction with ether of the hydrolyzed 
urine of a patient receiving acetanilide. It was then returned to dilute acid. Aliquots 
of this solution and of an authentic p-aminophenol solution were adjusted to various pH 
'alucs and shaken with 8 volumes of ether. The fraction of the compound extracted at 
various pH values is expressed as the ratio of the amount of compound in the organic phase 
to total compound. 


pH 

AUTKEJme p*AKn»OPHEKOL 

AFFASi:>7r p-AioKOFHExoL rxoit 

EYCSOLTZED USXKS 

3.2 

0.005 

0.003 

4.3 

0.09 

0.09 

5.5 ' 

0.58 

0.56 

6.0 

0.56 

0.60 

7.0 

0.70 

0.68 


compounds extracted from biological fluid. Acetanilide is a relatively neutral 
substance with a negligible dissociation at various pH’s. Distributions of the 
apparent acetanilide from biological fluid were compared, therefore, in a two 
phase system consisting of ethylene dichloride-petroleum ether solutions in vari- 
ous proportions, and water at a constant pH. 

The results with each of the substances indicated that within experimental 
error, the distributions of the apparent compounds from biological material were 
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the same as those of the authentic compounds (Tables I-IV). It was concluded 
that the substances measured in biological fluids were identical with the authentic 
compounds. 

SUMMARY ‘ 

Methods are described for the determination of acetanilide and its metabolites. 
The procedure for acetanilide permits estimation of as little as 4 micrograms of 
the compound, that for aniline as little as 0.25 micrograms, for N-acetyl p-amino- 
phenol and total conjugated p-aminophenol as little as 10 micrograms. 

A comparison of the solubility characteristics of the authentic compounds and 
the apparent compounds extracted from the plasma and urine of subjects receiv- 
ing acetanilide, indicates that the methods have a high degree of specificity. 
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Therapeutic agents, in general, undergo chemical alteration in the body to 
form derivatives of the parent compound. Isolation and pharmacological assay 
of the various transformation products may yield valuable information in the 
search for better therapeutic agents, in studies on the mechanism of drug action 
and in the elucidation of normal metabolic processes. 

The therapeutic effect of a drug could be limited by a chemical change which 
results in a less active or an inactive product. Knowledge of the nature of this 
metabolic product may suggest the introduction of substituents in the parent 
drug that would prevent the transformation and thereby enhance its activity. 
On the other hand, it is possible that the parent drug itself is inert but produces 
a therapeutic effect incidental to the formation of a highly active metabolic 
product. Knowledge of the structure of this derived product may suggest a 
synthesis of more effective derivatives. Again, the toxicity of the drug could 
reside in a derived product the formation of which, if its structure be known, 
may be blocked by an appropriate modification of the parent drug. 

Fundamental studies on the mechanism of drug action attempt to correlate 
the effect of a drug on enzymatic activity with its pharmacological actmty. The 
compound possessing the pharmacological action may be a product derived in 
the body from the parent drug. It is obvious in this case that the studies should 
be made not with the parent drug but with the active derived product. 

It is unlikely that special enzymes exist in the body for the chemical transfor- 
mation of each drug. Rather, it is likely that a drug undergoes chemical change 
by becoming involved in biochemical reactions which ordinarily handle normally 
occurring substances. The presence of a particular enzyme system within the 
animal is indicated by the transformation of the foreign compound. Knox used 
the transformation of quinine to 2-hydroxy quinine by various tissues as an indi- 
cator in the isolation in relatively pure form of the so-called quinine oridase. 
He found this enzyme normally to be involved in the metabolism of nicotin- 
amide (1). 

The study of drugs from the above points of view has been considerably fa- 
cilitated by two recent developments: 1. a scheme whereby simple and sensitive 
analytical methods for nitrogenous bases in biological material may readily be 
derised; included in this scheme is a technique for identifying the substance 
measured by means of its solubility characteristics (2, 3) ; 2. the technique of 
counter-current distribution which has been applied to the fractionation and iso- 
lation of substances from biological material (4). 

' This work was supported by a grant from the Institute for the Study of Analgesic and 
Sedative Drugs, 
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The aniline analgesics were selected for study because of their relatively simple 
chemical structure. The present investigation is concerned with the fate of 
acetanilide in the body. Studies on other drugs will follow. 

A recent monograph on acetanilide presents the conflicting views of various 
investigators concerning the metabolism of acetanilide (5). It is generally be- 
lieved, however, that acetanilide owes both its therapeutic and its toxic action to 
its conversion in the body to p-aminophenol which is then conjugated with sul- 
furic or glucuronic acid. 

Recent work, reported since the publication of the above monograph, indicated , 
that in the human, 70-90 per cent of administered acetanilide is excreted in the 
urine as conjugated p-aminophenol (6). Neither free p-aminophenol nor aniline 
was found. N-acetyl p-aminophenol and hydroxyl-conjugated N-acetjd p- 
aminophenol were found in the blood and plasma, but no free p-aminophenol (7). 
The compounds found were identified only on the basis of non-specific chemical 
methods without proof that a single substance was being measured identical with 
an authentic compound. The same studies also show'ed that the occurrence of 
methemoglobin after the administration of acetanilide was not due to the forma- 
,tion of p-aminophenol (8). 

Methods and matebial. Acetanilide and its metabolites were identified and estimated 
by the methods described in the previous paper (9). 

Methemoglobin was determined by a slight modification of the method of Evelyn and 
Malloy (10). The subjects used for the e.xperiments described below were normal subjects 
or patients with various chronic diseases without renal or liver involvement. 

Experimental. A single lot of acetanilide tvas used for the entire study. 
This was a commercially available sample which was assayed for purity by the 
counter-current distribution technique using a procedure involving 25 plates 
(4). The results indicated that the acetanilide was at least 99.5 per cent pure. 

Absorption and excretion of acetanilide. Information was obtained relative 
to the absorption from the gastrointestinal tract and the renal e.xcretion of 
acetanilide, and the part that each of these processes plays in the phj’’siological 
disposition of the drug after the oral dosage. Human subjects received 2 grams 
of the drug daily, in two doses, 6 hours apart, over a period of 6 days. Urine and 
stool collections w’ere made during the last 72 hours of administration. The drug 
recovered in the stools in each instance amounted to about 0.1 per cent of the 
administered dose, indicating almost complete absorption from the gastrointes- 
tinal tract. Previous e.xperiments had shon-n that the drug was not destroyed 
after incubation in stool suspensions for 24 hours at 37°C. The urinary excre- 
tion, in these as well as in single dose experiments, accounted for only 0.1-0.2 
per cent of the administered acetanilide. Therefore, almost all the drug under- 
went metabolic alteration in the body. 

Plasma concentration-iime curves. The plasma concentrations of acetanilide 
and the per cent methemoglobin after the administration of single oral doses of 
1 and 2 grams to man, in the post-absorptive state, are shown in table I. The 
results showTi here are tjqiical of 15 such experiments. As a rule, the absorption 
w'as rapid and maximal plasma levels were reached within 1 to 2 hours. The 
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plasma level fell rapidly, the drug being almost completely metabolized in about 
7 hours. The methemoglobin followed a similar curve but with some time-lag. 

Acetanilide and its transformation prodncts found in urine. Information con- 
cerning the metabolic products of acetanilide was obtained in the urine of sub- 
jects given 1 gram orally. The urines were secured for the succeeding 24 hours 
and examined for the drug and its transformation products. The urinary excre- 
tion of acetanilide and its transformation products subsequent to this time, was 
negligible. About 80 per cent of the drug was accounted for as conjugated N- 

TABLE I 


Plasma acclanilide and per cent methemoglobin following oral administration of one and two 
gram doses of acetanilide to man 


TIME 

SUBJECT P 

^ SUBJECT E 

1 gram | 

2 grams j 

1 1 gram j 

2 grams 

AceUnUide | 

Methemo. 
glcibla I 

AcetaniHdft 

; Methemo- 
gtobln 

Acetanilide 

Methemo- 

globin 

Acetanilide 

Methemo- 

globin 

An. 1 

ngm.lL. 1 

per cent 1 

mgm./L. 

per cent 

msm./L. 

Per cent | 

tngm jL. 


0 

— 

1.4 

— 


— 

1.5 

— 


1 

5.6 

3.9 

17.0 

7.2 

9.0 

4.5 

11.0 

5.0 

2 

5.4 

6.0 

12.0 

12.0 

7.2 

7.7 

KEI 

10.0 

4 

2.8 

6.6 

6.8 

13.2 

5.0 

8.0 

mjm 

T 7.5 

7 

mm 

2.8 

1.6 

6.0 

1.1 

4.3 

Hi 

13.6 


TABLE II 

The melabolic fate of acetanilide in man 

Recovery of acetanilide and its metabolic products from the urine of subjects given 
single oral doses of acetanilide. 


The urine was collected over a period of 24 hours. The proportion of the various me- 
tabolites is expressed in percentage of the amount of acetanilide administered. 


ACETANltmE 

ADiCINTSTESED 

ACETANILIDE 

N-acetyl 

1 p-AlONOPKENOL 

' CONJUGATED N-ACETYL 1 
1 p-AUINOPHZS'OL 

ANILINE 

fromj ' 

per cent | 

per cent 

per cent 

per eent 

1.0 

0.11 

3.9 

82 

0.05 

1.0 

0.19 

3.8 

70 ‘ 


2.0 

0.10 

3.4 

78 


2.0 

0.10 

3.2 

86 



acetyl p-aminophenol,^ about 4 per cent as free N-acetyl p-aminophenol, and 
traces as aniline. Less than 0.2 per cent of the parent drug was excreted un- 
changed. The results shown in table II are representative of 10 similar experi- 
ments. That the conjugated p-aminophenol also was acetylated was surmised 
from the absence of free amino groups in plasma or urine other than that due to 
the small amount of aniline present. The conjugated N-acetyl p-aminophenol 

’ The conjugated N-acetyt p-aminophenol is the total conjugated p-aminophenol less 
the N-acetyl p-aminophenol. 
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has been shoivn to be esterified at the OH group, partly with sulfuric and partly 
with glucuronic acid (7). Free p-aminophenol was not detected. An attempt 
was made to demonstrate the presence of a substance in urine or plasma capable 
of converting hemoglobin to methemoglobin. Urine or plasma from subjects 
receiving acetanilide was added to hemolyzed red cells. One hour incubation of 
this solution at 37°C. failed to result in the formation of methemoglobin. 

It is to be noted that the above substances were not analyzed merel}' on the 
basis of non-specific chemical reactions but by methods which identified the ma- 
terial measured as a single substance identical with the authentic compound (9). 

Additional evidence that the apparent p-aminophenol resulting from the hy- 
drolysis of its conjugated derivatives in urine was a single substance rather than 
a mixture, and the actual isolation and precise identification of this substance 
was gained with the aid of Craig’s counter-current distribution technique. The 
urine was acidified by the addition of 5 volume of concentrated HCl and heated 
in an autoclave at 15 pounds for 1.5 hours. The urine was now adjusted to pH 
7 by the addition of K-HPOi and the apparent p-aminophenol extracted with 
ether. The apparent p-aminophenol was then returned to 0.1 N HCl. The 
material was then subjected to a counter-current distribution involving 8 trans- 
fers, according to the method of Craig (4). The distribution was effected in a 
series of separatory funnels, between the immiscible solvent pair; isoamj'l alcohol 
and pH 5.8 phosphate buffer. The partition coefficients of the apparent p-am- 
inophenol in each separatory funnel was then determined by measuring the con- 
centration in each phase. The partition coefficients were found to be the same, 
within analytical error, for the apparent p-aminophenol in each separatoo’ fun- 
nel. It was concluded, therefore, that the material which reacted chemically as 
p-aminophenol was not a mixture but a single substance. 

The aqueous phases of the middle three separatory funnels were acidified with 
HCl. The total apparent p-aminophenol in each separatory funnel was trans- 
ferred to the aqueous phases by shaking. The three aqueous phases were com- 
bined and the pH adjusted to 7. The apparent p-aminophenol was extracted 
into ether and then returned to dilute HCl. This latter phase was evaporated 
to drjmess on a water bath. The residue was taken up in 30 per cent acetic 
acid, and benzaldehyde added to form a benzylidene derivative. After two re- 
ciystallizations from 30 per cent ethyl alcohol, cry^stals melting at 179-183°C. 
were obtained. The mixed melting point with the benzylidene derivative of 
pure p-aminophenol was unchanged. This showed that the apparent p-amino- 
phenol isolated from urine was identical with the known substance. 

Acetanilide and its transformation products found in plasma. The plasma levels 
of acetanilide and its transformation products after the oral administration of 1 
gram doses of the drug are shown in table III. These results are representative 
of 13 similar experiments. It is seen that the acetanilide levels declined rapidly 
while those of N-acetyl p-aminophenol increased, suggesting that acetanilide 
was quickly oxidized to the latter compound. The plasma levels of acetanilide 
and N-acetyl p-aminophenol permitted an estimate of the amounts of these sub- 
stances in the body. The calculation was based on the experimental finding for 
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dogs that both compounds are distributed fairly uniformly throughout total 
body water. Thus in the case of subject D, if the acetanihde were distributed 
in 70 per cent of the body wei^t, the amount of administered acetanilide which 
remained in the subject would correspond to 28 per cent in 2 hours and 2.5 per 
cent in 7 hours. The corresponding amounts for N-acetyl p-aminophenol in 
terms of the administered acetanilide would be 41 per cent in 2 hours and 11 per 
cent in 7 hours. A rise in conjugated N-acetyl p-aminophenol was coincident 

TABLE m 


Plasma acetanilide, N-acelyl-p-aminophenol, conjugated N -acely\-p-aminophenol and ontlinc 
after the oral administration of t gram of acetanilide to man 


Tnfg 

StmjXCTT 1 

SCBJtCt O 

AceUsBide 

N-Ace^l 
p. Amino, 
phenol 

1 Ccaj. 

' N-Acetyl 
p-Amino. 
phenol 

AniUne 

AcetEniUde 

N-Acetyl 

p-Anino* 

phenol 

1 Conj. 

K-Ace^I 

1 p-Asuno- 
phenol 

Aniline 

krs. 

ngm./L, 


vtpm./t. 

mimJL. 





1 

9.3 

7.9 

2.1 

0.05 

14.0 

7.6 


0.09 

. 2 

5.8 1 

9.4 1 

5.6 

0.04 

9.3 

7.9 

9.7 


4 

2.7 

6.2 

10.4 

0.02 

5.5 

6.6 

12.8 


7 

0.5 

2.6 

7.0 

0.01 

1.2 

3.0 

11.5 

1 0.02 


TABLE IV 

Distribution of acetanilide and aniline in the dog 


The distribution of acetanilide and aniline was examined in dog tissues. The studies 
were made 4 hours after the oral administration of 2.9 grams of acetanilide. The dog 
weighed 23 kilograms. 


HfiSTE 

cosasrrmoy or Attummnr 

1 COKCDJTXASOJr or AKIllKE 



ntn.ihpH. 

Plasma 

70 

11.4 

Whole blood 

63 

15.0 


59 

11.2 


60 

10.3 


57 

11.2 

Lung 

58 

12.1 

liver 

73 

15.2 

Cerebrospinal fluid 

58 

7.3 

Brain 

60 

5.8 


tvith a fall in free N-acetyl p-aminophenol as the latter compound is conjugated. 
-4nilme levels were low in comparison with the other substances, suggesting that 
only a minor fraction of the acetanilide was deacetylated. However, as will be 
shown later, this small amount of aniline plays a significant role in the toricity 
of acetanilide. No free p-aminophenol was demonstrated. 

Acetanilide and its transformation products found in tissues. The distribution 
of acetanilide and aniline 4 hours after the oral administration of acetanilide to 
a dog, is shown in table n*. The concentration of acetanilide in most organ 


























34 


BERNARD B. BHODIB AND JULTOS AXELROD 


tissues was about 80 per cent of that in plasma. The extent to which acetanilide 
was boiind to the non-diffusible constituents of plasma, presumably plasma al- 
bumen, was determined by dialysis against isotonic phosphate buffer of pH 7.4 
and at 37°C. for 18 hours. Visking membranes were utilized for the dialysis 
bags. None of the acetanilide was found to be bound in plasma. These results 
indicated that acetanilide was distributed uniformly throughout most body 
fluids with negligible localization in cellular tissues. Even in the cerebrospinal 
fluid and the brain the levels were such as to indicate little if any hindrance by the 
blood-brain barrier to the passage of the drug. In the above respects the acet- 
anilide behaved like urea. 

Aniline levels in various tissues were fairly uniform, although the cerebro- 
spinal fluid and brain levels were distinctly lower than those in the other tissues. 
Here again, there was little if any localization of the compound in body tissues. 
Free p-aminophenol was not demonstrated in any tissue. 

Site and rate of the transformation of acetanilide in the body. The role of the 
kidney and the liver in the transformation of acetanilide in the body was studied. 
The rate of the disappearance of acetanilide from the blood was compared with 
that of bromsulfalein, a compound presumed to be removed chiefly by the liver 
(11). Acetanilide and bromsulfalein were administered simultaneously to normal 
individuals in 3 experiments by means of a constant intravenous infusion at such 
a rate that the concentration of the substances in the peripheral blood remained 
unchanged. Under these conditions, the rate of the transformation of acetani- 
lide by the body may be assumed to equal the infusion rate since urinary excre- 
tion of acetanilide is negligible. The concentration of acetanilide in the periph- 
eral blood was compared with that in the blood leaving the kidney and the liver. 
The blood draining the organs was obtained by the venous catheterization tech- 
nique (11). 

The concentration of acetanilide in the renal vein blood did not differ signifi- 
cantly from that in the peripheral venous blood indicating that little, if any, role 
w’as played by the kidney in the transformation of acetanilide in vivo. On the 
other hand, the concentration of acetanilide in the hepatic vein blood was found 
to be considerably lower than that in the peripheral venous blood, indicating 
that considerable amounts of acetanilide had been transformed by the liver. If 
it is assumed that the drug was removed only by the liver, then the hepatic 

blood flow per minute would be where L is the removal rate per minute 

of the compound by the liver (equal to the infusion rate), Xi is the peripheral 
blood concentration and Xj is the concentration in the blood leaving the organ. 
The hepatic blood flow estimated from the data for bromsulfalein and acetanilide 
were in good agreement. This is in accord with the belief that the removal of 
acetanilide is also limited for the most part to the liver. The details of this work 
will be published subsequently.’ 

Fate of aniline and N-acetyl p-aminophenol in the body. The important role 
of aniline and N-acetyl p-aminophenol in the overall pharmacological action of 
acetanilide prompted a study of their fate in the organism. One hundred mgm. 

’ Berliner, R. W., and Kennedy, T. W.: To be published. 
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of aniline hydrochloride were administered orally to 6 human subjects. Urine 
was collected for a period of 24 hours. About 80 per cent of the aniline was 
found in the urine as conjugated N-aoetyl p-aminophenol. The absence of free 
amino groups other than that which could be accounted for as aniline was taken 
as an indication that the conjugated p-aminophenol was also acetylated. No 
free p-aminophenol wes demonstrated. Only about 0.6 per cent of the adminis- 
tered aniline was excreted unchanged. It is of interest that in the dog, the con- 
jugated p-aminophenol resulting from the administration of aniline contained a 
free amino group. This fits the well-known observation that the dog does not 
acetylate amino groups. 

One gram doses of N-acetyl p-aminophenol were administered to 6 human sub- 
jects. About 85 per cent of the administered compound was found in the urine 
as total conjugated p-aminophenol. No free aniline was demonstrated in plasma 
or urine. About 3 per cent of the compound was recovered unchanged. The 
remainder could not be accounted for. 

The role of aniline in the formation of methemoglohin. Both methemoglobm and 
aniline were found in the blood of man after the administration of acetanilide. 

TABLE V 


Correlation of aniline and methemoglohin leveh in the blood after the administration of aniline 

and aceiantltde to man 


StTBStANCZ AJ>UZNtSTrSl£D 

ASCOTJKt 

AJ)>CIKirC£XXD 

TLASICA AHtUNE 
uAxonmixvTL 

iCAXocmc 

1 lIXTEZaiDCtDSD? 


grams 

vtgm./L. 

Ptr unt 

Acetanilide 

2.0 

0.07 

13.5 

Acetanilide 

2.0 

0.05 

9.0 

Aniline hydrochloride 

0.10 

0.07 

11.5 

Aniline hydrochloride 

0.10 

0.05 

10.0 


Methemoglohin was also found after the oral admirdstration of aniline. This 
suggested that the methemoglobm in the blood after the ingestion of acetanilide 
might have been formed as a result of the aniline present. The evidence for 
this was that the amount of methemoglohin is correlated with the plasms aniline 
concentration subsequent to the administration of either acetanilide or aniline 
(table V). A similar relationship between the aniline and methemoglohin levels 
held also in the case of the dog. About 20 times as much acetanilide as aniline 
was required to produce the same amounts of methemoglobin in man. This 
indicated that only a small fraction of the acetanilide was deacetylated to form 
aniline. Whole blood, incubated for 1 hour at 37°C. with either drug at a con- 
centration of 100 micrograms per ml. of blood showed no accmnulation of met- 
hemoglobin. It is concluded from this that the hemo^obin in the body was not 
oxidized to methemo^obin directly by aniline, but by some product derived from 
it in the organism. 

The nature of the actual methemoglobin-forming agent is not known. It has 
been considered to be p-aminophenol. This hypothesis is made unlikely since 
free p-aminophenol was not demonstrated in the blood after the administration 



36 


BERNARD B. BRODIE AND JTOIUS AXELROD 


of either acetanilide or aniline. In addition, both in vivo and in vitro experiments 
have shown that considerable concentrations of free p-aminophenol in blood 
were required to promote the formation of a measurable amount of methemo^o- 
bin (8). It is possible that phenylhydroxylamine is the actual methemoglobin 
forming agent. One mgm. per kilo of this compound administered intravenously 
to a dog resulted in the conversion of 45 per cent of its hemoglobin to methe- 
moglobin. This is a considerably greater quantity of methemoglobin than would 
be expected on the basis of a stoichiometric reaction between phenylhydroxyl- 
amine and hemoglobin. This suggests that phenylhydroxylamine is involved in 
a cyclic reaction in which the oxidizing compound is being reformed. Concern- 
ing the fate of phenylhydroxylamine in the body, a considerable fraction of the 
administered compoimd rearranges in the organism to p-aminophenol which is 
then excreted in the conjugated form. 

TABLE VI 


A comparison of plasma N-aeelyl p-aminophenol levels after oral administration of equimo- 
lecular doses of N-acetyl p-aminophenol and acetanilide 
The dose of N-acetyl p-aminophenol was 1 gram, and that of acetanilide was 0.9 gram. 


Toa 

r 

1 FIASICA R'JlCZrm. P-AtfmOPHXIfOL, UC1C./X. 

1 Subject X 1 

ssiiKt y 

After N-Acctyl 

1 p^aualBopbenol 

After 

AceUsUide 

After ^K-Acctyl 
I^ainiaopbeool 

After , 

AceUnihde 

Humrt 





1 

2.9 

i.i 

5.8 


2 

8.2 

3.1 

10.9 


3 

4.6 

6.6 

7.8 


5 

2.6 

3.0 

2.9 


8 

0 

1.0 i 

0 



The characteristic toxic symptoms of acetanilide overdosage may be largely 
explained in terms of the anemic anoxia resulting from the formation of methe- 
moglobin, and anemia due to the destruction of red cells (12). Aniline poisoning 
also results in methemoglobin formation and the destruction of red cells (12). It 
is probable that the overall toxicity of acetanilide is derived mainly from the 
small amount of aniline produced in the body. 

The role of N -acetyl p-aminophenol in the analyesic action of acetanilide. N- 
acetyl p-aminophenol, which is found in both plasma and urine after the admin- 
istration of acetanilide, appears to be the first step in the major route of the me- 
tabolism of the drug. The high concentration of this metabolite in the plasma 
prompted an appraisal of its analgesic effect. Studies conducted on human 
subjects, utilizing the Wolff-Hardy technique, showed N-acetyl p-aminophenol 
to be, dose for dose, about equal in analgesic activity to acetanilide (13). Plasma 
levels of N-acetyl p-aminophenol achieved after the administration of equimo- 
lecular doses of acetanilide and N-acetyl p-aminophenol were of the same order 
of magnitude, but those obtained after acetanilide persisted longer (table VI). 
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However, the peak levels of N-acetyl p-aminophenol, when this drug itself was 
given, were higher and were reached more rapidly, as is to he expected. The 
results are compatible with the assumption that acetanilide exerted its action 
mainly through N-acetyl p-aminophenol. Further studies are planned to ascer- 
tain whether acetanilide has any analgesic activity per se or whether its activity 
is predicated solely upon its conversion to N-acetyl p-aminophenol. The lat- 
ter compound, administered orally, was not attended by the formation of methe- 
mo^obin nor, at least in vitro, did it destroy red cells. It is possible, therefore, 
that it may have distinct advantages over acetanilide as an analgesic, and it may 
well serve as a starting point for the synthesis of more effective agents. 

Preliminary work in this laboratory has shown that acetophenetidin (p-ethoxy- 
acetanUide), a well-known analgesic, is also transformed in the body to N-acetyl 
p-aminophenol. 

DiscTJSsroN. The following scheme for the route of metabolism of acetanilide 
in the human is suggested by the observations described previously. 



The main route of metabolism appears to involve two serial steps. The first 
of these is oxidation with the replacement of the hydrogen atom in the para posi- 
tion of the benzene nucleus by a hydroxy group to form N-acetyl p-aminophenol, 
an active analgesic. The second step is conjugation of this compound at the 
hydrojq'l group with sulfuric or glucuronic acid. A minor channel of metabolism 
also involves several serial steps. Part of the acetanilide deacetylates to yield 
aniline. This compound then adds oxygen to the benzene nucleus to form p-ami- 
nophenol which is rapidly conjugated at both the amino and the hydroxy groups. 
Aniline is also the precursor of the substance, probably phenylhydroxylamine 
which is responsible for the formation of methemoglobin. 

The route of metabolism of acetanilide in the organism differs from that ex- 
pected on the basis of studies with animal tissues in vitro. It has been demon- 
strated that acetanilide is rapidly hydrolyzed to aniline when it is incubated -with 
rat liver and kidnej' tissue (14). Yet the intact organism hydrolyzes only a 
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minor fraction of the drug to aniline, while the major fraction is oxidized to 
N-acetyl p-aminophenol. Results (unpublished) with other compounds make 
it apparent that studies in vitro concerning the fate of a drug may describe a 
pathway of metabolism which is of minor importance only, in the intact organ- 
ism. Many factors come into play in the intact animal which may be eliminated 
in the simpler experimental conditions in vitro. This is not meant to imply that 
work with isolated tissues is not important. Such work can do much to clarify 
reactions which first have been sho^vn to occur significantly in the whole animal. 

SUMMARY 

The route of metabolism of acetanilide in man was shown to be as follows: a 
minor fraction of the drug deacetylates to form aniline ; this compound was shown 
to be the precursor of the substance which oxidizes hemoglobin to methemoglo- 
bin; the major fraction of the drug is oxidized to N-acetyl p-aminophenol; this 
compound is excreted in a conjugated form. The analgesic action of acetanilide 
is exerted mainly through N-aeetyl p-aminophenol which is an active analgesic. 
The oxidation of acetanilide occurs mainly in the liver. 
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In a pre'rious study (1) on the behavior of several synthetic esters of strophan- , 
thidin in man, it was observed that these materials, after intravenous injection, 
developed their full action very rapidly, within 10 to 30 minutes, and that their 
persistence of action was very brief, the eSects wearing off within a few hours. 
Since they were foimd to exert a typical digitalis action, the rapid onset and dis- 
appearance of their action provided a combination of characteristics with useful 
therapeutic possibilities. Accordin^y, experiments were carried out to compare 
the curve of action of acetyl-strophanthidin (strophaiithidin-3-acetate) with 
crystalline strophanthin or ouabain, the material usually considered for obtaining 
rapid di^talis action in man. The results of these experiments form the subject 
of this report. 

The structural formulas of the two compounds are shown in figure 1. The 
ester has an acetyl group and the glycoside has the sugar rhamnose at carbon 3. 
There are also differences in the substitutions at carbon atoms 1, 10, and 11. 

Method. The experiments were performed on patients with auricular fibrillation and 
varying degrees of heart failure. Table 1 aummarizes the characteristics of the 7 subjects. 
They were selected from a group of 1500 patients in active attendance at our cardiac clinics, 
on the basis of the facts that they were without digitalis for several weeks, that they de- 
veloped a rapid ventricular rate, and that they were subject to a degree of failure well within 
the limits of safety. The method was substantially similar to that used in previous studies 
(2). The patient was put to bed in the hospital. The ventricular rate was counted at the 
apex for one minute, several times daily, under conditions of quiet and rest. This was done 
during a preliminary control period of at least a week in order to establish the level of the 
resting rate without drug. A dose of the drug was admirustered and similar counts were 
made at Intervals of several minutes until the maximum effect was in evidence, and then at 
less frequent intervals until the effect disappeared. Within a few days after the apex rate 
had returned to the control level, the patient was ready tor another experiment which was 
carried out in the same manner. Simultaneous observations were recorded on the general 
behavior of the patient, signs of toricity, and changes in the symptoms and signs of failure. 

The two compounds were the U.S.P. ouabain and a specimen of crystals of acetyl-stro- 
phanthidin.* A stock solution of each in 95 per cent alcohol was prepared, 1:1000 for the 

’ David, Josephine, and Winfield Baird Foundation Fellow, Montreal, Canada. 

* Kellogg Foundation Fellow, University of the Philippines, College of Medicine, Manila. 

* The authors are indebted to hKss Jenny Oppenheim and Miss Harriet Zimmerman for 
their assistance in these experiments. 

* We are indebted to Dr. K. K. Chen of The Lilly Research Laboratories for the supply of 
this material. 
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acetyl-Btrophanthidin and 1 :2000 for the ouabain. The oat unit value of ouabain was taken 
as 0.1 mgm. per kgm., and of the aoetyl-atrophanthidin as 0.2 mgm. per kgm. This ratio 
of potencies seemed to be precise enough for practical purposes inasmuch as the cat unit 
values for both ouabain and acetyl-strophanthidin vary somewhat with different samples 
and in different assays. Each dose was 5 cat units* given at one time by intravenous in- 
jection, the safety of such single doses having been established in previous experiments with 

A 

HiC ^CO 

I I 

C*=-Ct[ 


OK 


fltpophanthldin-d' acetate Ouabain 

Fio. 1 


TABLE 1 
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AOX 

wncnr 

1 

' ouenosis* 

Bxoizx or 

JXSASTYAXLUIS 

Do. St. 

F 

70 

116 

A.S., E.H., A.F., Hyperthy. i 

Advanced 

Li. Wi. 

F 

27 

105 

R.F,, E.H., M.I., M.S., A.F. 

Advanced 

Be. So. 

F 

64 

106 

A.S., R.F., E.H., M.I., M.S., A.F. 

Advanced 

Es. Ka. 

F 

50 

135 

R.F., E.H., M.S., A.F. 

1 Moderate 

An. St. 

F 

49 

135 

R.F., E.H., M.I., M.S., A.F. 

Moderate 

Fr. Ko. 

F 

65 

138 

Hyper., A.S., E.H., A.F. 

1 Moderate 

Gu. Co. 

F 

48 

133 

R.P., E.H., M.S., A.F. 

[ Moderate 


* According to the “Nomenclature and Criteria for diagnosis of Diseases of the Heart” 
of the New York Heart Association (1942). A.S. (Arteriosclerosis); R.F. (Hheumatic 
Fever); Hyper. (Hypertension); Hyperthy. (Hyperthyroid); E.H. (Enlarged Heart) ; Cor. 
Scler. (Coronary Sclerosis); M.I. (Mitral Insufficiency ); M.S. (Mitral Stenosis); A.F. (Au- 
ricular Fibrillation). 

both materials. The dose of 5 cat units was represented by 1.0 cc. of the above stock solu- 
tions, which was diluted to 10 cc. with physiological salt solution for the injection, made in 
each case over a period of 5 minutes. 

Resui/ts. There were in all 14 experiments, 7 pairs, each of the 7 patients 
having received both drugs. The results are charted in figure 2. After the in- 
jection, the apex counts were made at intervals of 5 minutes during the first hour, 

* The cat unit is the average fatal dose per kgm. as determined by the method of injection 
used in the U.S.P. assay of diptalis. 
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15 minutes during the second hour, 30 minutes during the third hour , at intervals 
of an hour up to 12 hours after the dose and then 3 times daily . Each point on 
the two curves represents the average of the ventricular rates for the 7 patients. 

The two curves show that 1.0 mgm. of acetyl-strophanthidin produces sub- 
stantially the same intensity of effect as 0.5 mgm. of ouabain, a slowing of 38 
and 42 beats per minute, or 32 and 34 per cent respectively. 

The effects develop more rapidly in the case of acetyl-strophanthidin than in 
the case of ouabain. With acetyl-strophanthidin, approximately 70 per cent of 



Fia. 2. CoBVEs OF Action of AcETTL-STBOPHANTHmiN and Ouabain, Avebage op 7 
Pairs of Experiments in 7 Patients with AuEicuEAa Fibrieeation 

_ Time is charted logarithmically. To conserve space, the control period is contracted 
into a Bmall section labeled ‘‘contiol"; the horiiontal lines indicate the average of the 
points, which represents the level of the control rate just before the day on which the dose 
was pven. The control count on the day of the dose was sometimes higher and sometimes 
lower than the general level of the control, as would be expected in the case of the unstable 
rate in auricular fibrillation. The drug was administered immediately after the count 
indicated by the first point in the section labeled "dose”. 

the effect has already developed by the time the injection is completed (about 
5 minutes), whereas at this time, only about 10 per cent of the effect of ouabain 
is in evidence; vritbin 10 minutes after the injection, neatly tbe full effect (85 per 
cent) of acetyl-strophanthidin is present, as against about one-half (52 per cent) 
of the effect in the case of ouabain. 

The duration of the effect of acetyl-strophanthidin is much shorter than that 
of ouabain. In 4 hours, the effects of acetyl-strophanthidin have almost com- 
pletely disappeared, as against approximately 36 hours in the case of ouabain. 

^ere was no exception in any of the 7 pairs of results, to the general relation- 
ship shown in the composite curves of figure 2; namely, that the effect of acetyl- 
strophanthidin developed and disappeared more quicbly than that of ouabain. 

In all cases, there was relief from symptoms of failure and from the sense of 
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palpitation, in association TOth the cardiac slowing and the development of the 
full effects of the dose, but these results were temporary because, in the nature 
of these experiments, the digitalization was not maintained. There were no 
toxic symptoms. 

Comment. In the vast majority of cases requiring a digitalis action, most of 
the diptalis materials in common use by oral administration serve the purpose 
satisfactorily. In these, a delay of a few hours in the development of the full 
action appears to be of little consequence. There is a relatively small group in 
which there is considerable urgency. These involve such cases as acute con- 
gestive failure with pulmonary edema occurring in advanced hypertensive dis- 
ease, or after an acute coronary thrombosis, or in a patient with chronic conges- 
tive failure after a massive pulmonary infarction. In these cases, the more 
rapidly acting digitalis glycosides are usually employed by intravenous injection, 
such as digoxin, lanatoside C, or ouabain. The very urgent cases, however, 
present special needs, and there is the question whether the curves of action of 
the above mentioned glycosides fully meet them. There is the fact that in some 
of these cases, the circulation deteriorates so rapidly that, within a very short 
period after the onset, the patient is in circulatory collapse and beyond the reach 
of any form of stimulation. There is also the fact that in these cases the risk of 
overdigitalization is fairly high, since there is need for heroic measures, and often 
there is not enough information concerning the amount of digitalis the patient 
has already had. Inasmuch as the exact dose for any particular patient is un- 
known, it is necessary to give a safe dose first, and then additional doses until 
there is evidence of a therapeutic response, or minor toxic effects appear. In 
the interest of safety, additional doses cannot be given before substantially the 
full effect of the previous dose has developed. In the case of ouabain, the inter- 
val is about an hour or longer. Where several doses of ouabain might be required 
for a case in extremis, such delay might prove disastrous, and the period of 24 
hours or longer for elimination is an additional source of danger in a type of case 
in which the urgent needs are so apt to lead to intense overdigitalization. 

Theoretically, the curve of action of acetyl-strophanthidin is better suited for 
the treatment of the most urgent problems of acute heart failure. The full 
effect of an intravenous dose develops in about 10 minutes, producing a digitalis- 
like stimulation of the heart with approximately the same speed as that of a 
subcutaneous or intramuscular dose of epinephrine. If additional doses are re- 
quired, they may be safely given at intervals of 10 to 15 minutes. Should over- 
digitalization occur m the form of vomiting or an ectopic rhythm, the danger is 
reduced to a minimum by the high degree of elimination in the next hour or two. 
After the most serious signs of failure have been brought under control, further 
digitalization might be procured by the use of the more slowly acting digitalis 
glycosides. 

There is still another type of problem in which the extremely rapid action of 
acetyl-strophanthidin might be put to good use, namely, to abolish a paroxysm 
of auricular tachycardia or auricular flutter. It should be noted that the all-or- 
none principle does not apply to the use of digitalis in the ordinary case of con- 
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gestive failure. Moderate doses produce some therapeutic effects and larger 
doses produce greater therapeutic effects. It is otherwise when digitalis is used 
to abolish a paroxysm of auricular tachycardia or auricular flutter. Here there 
is only one degree of therapeutic action, namely, that which abolishes the ectopic 
rhythm, and the drug has been entirely ineSectual unless the dose has been sufii- 
cient to achieve that specific end. Here the principle of ali-or-none applies. 
There is also the fact that these ectopic rhythms are sometimes quite resistant, 
and digitalization must be carried to the point of minor tmdcity before the ectopic 
rhythm vnU. yield. The very rapid development of action and its brief duration 
in the case of acetyl-strophanthidin would appear to be a favorable combination 
of properties for such cases. 

More extensive experience in the use of acetyl-strophanthidin is necessary in 
order to establish the most favorable dosage schedules. On the basis of our pres- 
ent results, the following plan may be suggested as safe and effective: an intra- 
venous injection of 0.5 mgm. (2.5 cat units), followed by 0.25 mgm. in 10 minutes, 
and the latter repeated at intervals of 10 minutes until the therapeutic objective 
or minor toxic effects are in evidence. 

SOMMABY ANB CONCLUSIONS 

1. The curve of action of ouabain was compared with that of acetyl-stropban- 
thidin by intravenous injection in patients with auricular fibrillation and heart 
failure. 

2. The results are based on 14 digitalizations, each with a single dose of 5 cat 
units, the two drugs being compared in each of 7 patients. 

3. Acetyl-strophanthidin exerts a more rapid action in man than any di^talis 
, material in common use; its full effect, after intravenous injection, develops in 

a period of from 10 to 15 minutes and the effect wears off in a period of about 4 
hours, as compared with ouabain in which case about an hour elapses before the 
full effect develops and about 36 hours before it disappears. 

4. The possible utility of acetyl-strophanthidin in extremely urgent cases of 
acute failure with pulmonary edema, and for the purpose of terminating a parox- 
ysm of auricular tachycardia or auricular flutter is discussed. 

5. A tentative plan of dosage is suggested. 

These studies were supported in part by the Digitalis Fund of Cornell Univer- 
sity Medical College, wMch includes contributions from Eli Lilly and Company, 
Wyeth, Inc., E. R. Squibb & Sons, Varick Pfaarmacal Co., Schering Corporation, 
Burroughs Wellcome & Co., Winthrop-Steams Inc., and the David, Josephine, 
and Winfield Baird Foundation. 
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The name thevetin was first applied by DeVry (1) in 1863 to a glycosidal ma- 
terial extracted from the nut of a tree belonging to the family Apooynaceae. 
There was little interest in this material until its investigation was resumed by 
K. K. Chen and his collaborators. In a series of publications since 1933 (2-7), 
they reviewed the few earlier studies. They pointed out the lack of unifomuty 
in the results regarding constitution and composition, and described the isolation 
of a pure water soluble crystalline glycoside to which they also applied the name 
thevetin. 

The structural formula of thevetin was determined by Tschesche (8), and its 
comparison with digitoxin described by Tschesche and Bohle (9), and by Chen, 
Anderson, and Robbins (10). Figure 1 shows the structure of the agly- 
cone, Thevetigenin is an epimer of digitoxigenin, from which it differs only in 
the steric arrangement at carbon atom 3; the OH on Cs and CH« on Cio are in 
the ois-form in the former, and trans-form in the latter. The glycoside on hy- 
drolysis yields two molecules of glucose and one molecule of a methyl ether sugar 
which is believed to be digitalose. 

In the pharmacological studies of Chen and his collaborators, it was found 
that thevetin exerts a typical digitalis-like action in the frog, systolic standstill 
of the frog's heart, and in the cat, tiTiical T-wave changes, impairment of A-V 
conduction, and rhythm disorders. The cat unit potency of different specimens 
shows some differences, 1.24 mgm. per kgm. for one material, and 0.92 mgm. per 
kgm. for a recrystallized material. They found that in animals it also produces 
vomiting and diarrhea. They suggested that thevetin may be more actively 
emetic than ouabain,' 30 per cent as against 60 per cent of the lethal dose causing 
vomiting. This difference may be only apparent, resulting from the fact that 
thevetin is more rapidly eliminated; in such a case, the lethal dose of the two 
drugs by slow intravenous injection may be relatively further apart than the 
emetic doses determined by a single intravenous injection. 

They also published reports on the use of thevetin in humans, in normal in- 
dividuals, in patients with heart disease, in patients with congestive failure, and 

* Kellogg Foundation Fellow, University of the Philippines, College of Medicine, Manila. 

* David, Josephine, and Winfield Baird Foundation Fellow, Montreal, Canada. 

* The authors are indebted to Miss Harriet Zimmerman and Miss Jenny Oppenheim for 
faithful assistance in these studies. 
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in patients with the rapid sinus rhythm of thyrotoxicosis. They obtained evi- 
dence of typical digitalis action in man after intravenous and oral administration. 
They encountered a high incidence of gastrointestinal effects, up to 40 per cent 
after oral doses of the order of 7 cat units or less, given over a period of 4 or 5 
days. Cramps and diarrhea were more common than anorexia, nausea, or vom- 
iting. Cramps and diarrhea occurred with a dose as small as 0.5 cat imit 3 times 
daily. 

In cats, they obtained evidence suggesting that the persistence of action was 
similar to that of ouabain. A study of persistence of action of thevetin in the 
pigeon and cat by Haag and Pennington (11) showed it to be eliminated with 
unusual speed, namely, virtually complete in 3 hours in the pigeon, and in about 
24 hours in the cat. 

The foregoing observations indicated that thevetin possesses unusual proper- 
ties which might prove to be of special therapeutic interest. Accordingly, the 



Thcvetlgenin 

(Di(|ltoxi^nin) 

FlO. 1. StKUCTURAL FoRilULA OP Thevewoenin 

It differs from digitoxigenin only in the slcric arrangement of the OH group at carbon 
atom 3. 


present study of thevetin action in man was undertaken to throw further light 
on the curve of its action and its absorption from the gastrointestinal tract. 

Method. The experiments were performed in patients with auricular fibrillation and 
varying degrees of heart failure. They were selected from a group of 1600 patients in active 
attendance at our cardiac clinics on the basis of the facts that when without digitalis, their 
apex rates were rapid, and that they were subject to a degree of failure well within the limits 
of safety for their use as experimental subjects. The characteristics of the 8 patients used 
in this study are summarised in table 1. 

The method was substantially similar to that used in previous studies (12). The subject 
who had not been receiving digitalis for several weeks was put to bed in the hospital. The 
ventricular rate was counted at the apex for one minute, several times daib’, tmder condi- 
tions of quiet and rest. This was done during a preliminary control period of a week or 
longer in order to establish the level of the resting rate without drug, A dose of thevetin 
was then administered and similar counts were made at suitable intervals until the maxi- 
mum effect was observed, and at less frequent intervals until the effects disappeared. Sev- 
eral days after the return of the rate to the control level, the subject was ready for another 
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experiment XThich 'was carried out in a aimilar manner. It was the plan to compare the 
effects of oral and intravenous doses in one and the same patient in as many experiments ss 
possible. Observations were recorded on the general behavior of the patient, signs of 
toxicity, and changes in the symptoms and signs of heart failure. 

The specimen of thevetin crystals* used in this study was assayed in our laboratory and 
showed a cat unit* value of 1.26 mgm. per kgm. For intravenous injection and for oral 
administration in man, a solution of 1:1000 in 20 per cent alcohol was prepared. 

There were in all 15 courses of digitalization with thevetin, 9 by intravenous injection 
and 6 by oral administration. Four patients received the drug at one time by the intrave- 
nous route and at another time by the oral route. The single intravenous doses were 3, 4, 
and 6 cat units. The single oral doses were 10, 12, 20, and 30 cat unite. The intravenous 
injections were made during periods of from 2 to 5 minutes, and the oral doses were admin- 
istered on an empty stomach. All experiments were started between 7 and 9 A.M. and 
breakfast was omitted. 

Results. The responses to thevetin after intravenous and oral ad- 
ministration were charted and are shown in figures' 2 to 9. Time is charted 


TABLE 1 
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R.P., E.H„ M.I., M.S., A.F. 

Moderate 

Je. Ma. 
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R.P., B.H,, M.e., A.F. 

Moderate 

An. Kr. 
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70 
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A.S., E.H., Cor. Scler., A.F. 

Moderate 

El. Pu. 

F 

42 
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R.F., E.H., M.I., M.S., A.F. 

Moderate 


* According to “Nomenclature and Criteria for Diagnosis of Diseases of the Heart" of 
the New York Heart Association (1942). A.S. (Arteriosclerosis): R.F. (Rheumatic Fe- 
ver); Hyper. (Hypertension); B.H. (Enlarged Heart); Cor. Scler. (Coronary Sclerosis); 
M.I. (Mitral Insufficiency); M.S. (Mitral Stenosis); A.F. (Auricular Fibrillation). 

logarithmically. To conserve space, the control period is contracted into a small 
section labelled "control,” and only the last few days of the period are charted; 
the points indicate the average rates for each day, and the horizontal line the 
average of the points, which represents the level of the control rate just before 
the day on which the dose was given. The control count on the day of the dose 
was sometimes higher and sometimes lower than the general level of the control, 
as would be expected in the case of the unstable rate in auricular fibril- 
lation. The drug was administered immediately after the count indicated by the 
first point in the section labelled “dose.” 

* We are indebted to Dr. K. K. Chen of The Lilly Research Laboratories for the supply 
of thevetin. 

‘ The cat unit is the average fatal dose per kgm. as determined by the method of injection 
used in the D.S.P. assay of digitalis. 

* In the figures, the number in parenthesis after the symbol refers to the place in the series 
of experiments with one or another digitalis material, in which the patient served as a 
subject. 
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It may be seen that an intravenous dose of thevetin, from 3 to 6 cat units, 
slows the apex rate in patients with auricular fibrillation, but unlike the digitalis 
glycosides in common use, the effect develops with extraordinary speed. 



Fio. 2 . Effeot of Iktbavbnoub Dose of Thevetin on Apex Rate in Patient with 
A tTRicuiAR Fibrillation 

^*1® eSeet was fully developed in about 8 minutes. The rate declined from 
H8 to 90 per minute. The rate returned to the control level in 2 to 3 hours. 



Fia. 3, Effect of Intravenous Dose of Thevetin on Apex Rate in Patient with 
Auricular Fibrillation 

41 . declined from about 102 to 70 per minute in about 7 minutes, and returned to 

the control level in about 2 hours. 


the maximum slowing being in evidence in most instances in a period of about 
6 nunutes after the beginning of the injection. The duration of the effect is very 
bnef. After the maximum slowing, the rate begins to accelerate almost at once 
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and within about 2 to 3 hours little or none of the slowing remains. In these 
respects, it resembles some of the genins (13), and some of the esters 
of strophanthidin (14). 



Hours ai ofi 05 I 5 -t 56 8 lOlZ Z-l 

Daysl t 5 4 56 8 JO 


Fig. 4. Effect op Intravenous Doses of Thevetin on Apex Bate in Patient with 

Aubicular Fibrillation 

As in others, the full eEfeot developed in a period of about 6 or 7 minutes, and disappeared 
in about 2 to 3 hours. Note the greater sensitivity of the rapid heart to the sloiring action 
of_a digitalis material. The dose of 3 cat units of thevetin given at the time when the 
initial rate was 114 per minute, produced 19.3 per cent slowing, and the dose of 6 <tat units 
given at an initial rate of 90 per minute produced 27.8 per cent slowing! a 44 per cent greater 
slowing for the 100 per cent greater dose. 



Fio. 5. Effect of Oral Dose of 30 Cat Units op Thevetin on Apex Rate in Patient 
WITH Auricular Fibrillation 

Note the delay of about 7 hours before a perceptible effect, and return to control level 
in about 4 to 5 days. There were no toxic effects in this case. 


The absorption of thevetin from the gastrointestinal tract is slow and variable. 
A single oral dose of 10 cat units produced no cardiac effects in one case (fig. 8), 
and double the dose produced some ventricular slowing which began in about 5 
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hours and disappeared in about 18 hours. In another case (fig. 7), an oral dose 
of 20 cat units of thevetin produced approximately the same degree of slowing 



• hi others, note that the full effect of an intravenous dose of thevetin develops 

w about 5 or 6 minutes and disappears in about 2 hours. Note the greater effect and longer 
duration of action of 12 cat units of digitalis than of 12 cat units of thevetin by oral admin- 
istration, 36 per cent slowing as against 29 per cent slowing. The difference in potencies 
18 actually greater than these indicate because the digitalis was operating in a slower or 
more resistant range of heart rates. 



V ■ 2b represents a dose of 3 cat units of thevetin given intravenoimly at the 

2 Iin'’ fliE curve 2a ends; two doses of 3 cat units each were given with an interval of 
effect of the first intravenous dose of 3 cat units developed in about W 
aboiit s disappeared in about 1.5 hours; the second dose produced the full effect in 
tion ^ effect wore off in about 3 hours ; there is indication of slight cumula- 

of Mi'o “®, j“® diarrhea (D) about 8 hours after the second intravenous dose. In the case 
^ ®.®^ units of thevetin produced essentially the same change (33 per cent 
nf ®®*’ bdite of digitalis (38 per cent slowing) . N ote the diarrhea about 8 hours 

sHcr the oral dose of thevetin. 

Its 10 cat vmits of digitalis leaf, and the effect, although relatively fleeting, took 
a out 4 days to wear off. In one case (fig. 5), an oral dose of 30 cat units slowed 
® apex rate from about 115 to 75 per minute, the effect beginning in about 7 
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Fio. 8. The intravenous dose produced its full effect in about 6 minutes, and the effect 
disappeared in about 2 to 3 hours. An oral dose of 10 cats units produced no cardiac slow- 
ing, but cawed nausea (N), abdominal cramps (AC), and diarrhea (D). Double the dose 
caused a brief period of slowing, and also produced diarrhea. 



Fig. 9. The intravenous dose of 6 cat units of thevetin slowed the apex rate from 138 
to 45 in about 4 minutes, and caused vomiting (V) by systemic action; the effect wore off 
in about 3 hours. Note the difference in the absorWion of thevetin and digitalis; an oral 
dose of 30 cat units of thevetin produced diarrhea (D) by local action, and no signs of ab- 
sorption (absence of cardiac slowing), while digitalis in one-half the dose produced the 
typical effect on the heart rate. 


hours after the dose and wearing off in about 4 to 5 days. In another case (fig. 
9), a similar oral dose of 30 cat units produced no slouing. 





ACTION OF THEVETIN IN MAN 


51 


The most striking results were obtained in the case charted in figure 9. An 
intravenous dose of 6 cat units slowed the apex rate from about 138 to 45 per 
minute within a period of about 4 minutes after the beginning of the injection. 
The rate began to rise fairly promptly and reached the original high level in 
about 2 hours. An oral dose of 30 cat units produced no effects, although this 
patient had no difficulty in absorbing digitalis; an oral dose of only 15 cat units 
of digitalis leaf produced the expected results, slowing the rate from about 135 
to 85 in a period of about 6 hours. 

It is noteworthy that the duration of the effect, when one is produced, after 
the large oral doses is considerably longer than after the intravenous doses. This 
may be due, in part, to protracted absorption; there is also the possibility of a 
conversion into a compound with greater persistence of action. 

There was no evidence of toxic rhythms in any of these experiments. 

In the matter of gastrointestinal effects, our experience was similar to that of 
Chen and his collaborators. After 9 intravenous doses in 7 patients, vomiting 
occurred in one, following a dose of 6 cat units. There was not a single instance 
of vomiting after 6 oral doses in 5 patiefets. On the other hand, the oril doses 
frequently caused diarrhea. This was present in 3 of 5 patients after oral doses 

10, 20, and 30 cat units. It was associated with nausea and abdominal cramps 
la one of these oases. It appeared in about 8 hours. The fact that it sometimes 
occurred in the absence of a cardiac effect, indicates that it is probably a iocai 
action, although a systemic action of thevetin may also cause diarrhea since it 
occurred in one case after an intravenous dose of 6 cat units. The frequency 
of diarrhea distinguishes the experience with thevetin from that with digitalis 
which usually causes vomiting after large oral doses, and only rarely diarrhea in 
The reason for the differences in the relative emetic and diarrheal activ- 
ities of digitalis and thevetin is not clear, and the problem is in need of further 

investigation. 


STJSaiAKY AND CONCLUSIONS 


1- The speed of action of thevetin and its absorption from the gastrointestinal 
ract Were investigated in 8 selected patients with auricular fibrillation and heart 
aiure. There were 15 courses of digitalization by means of thevetin, and in 
scvCTal instances, the effects of the oral and intravenous doses were compared 
“1 me same patient. 

2. Thevetin is slowly and irregularly absorbed from the gastrointestinal tract. 
IS much less effectively absorbed than digitalis leaf. 

• Large oral doses of thevetin frequently cause diarrhea by local action and 
muc less frequently vomiting, in contrast to digitalis after which vomiting from 

® ocal action of large oral doses is frequent and diarrhea relatively rare. 

• An intravenous injection of thevetin produces digitalis-like effects on the 
ns more rapidly than any glycoside of the digitalis series known at the present 
ime. The full effects develop in a period of about 6 minutes after the beginning 

O' the injection. 

"^^0 duration of action of thevetin is very brief. The effects of a fully dig- 
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italizing intravenous dose disappear almost completely in a period of from 2 to 
3 hours. This is more rapid than for any glycoside of the digitalis series known 
at the present time. 

6, The combination of properties, extremely rapid development of action and 
rapid elimination, suggests interesting possibilities for the use of thevetin by in- 
travenous injection for the treatment of acute heart failure with pulmo- 
nary edema, critical conditions in which effective digitalization in a matter of 
minutes rather than hours may prove decisive. Since in such cases, the danger 
of overdigitalization is relatively great, the rapid excretion of thevetin provides 
an important factor of safety. 

These studies were supported in part by the Digitalis Fund of Cornell Uni- 
versity Medical College, which includes contributions from Eli Lilly and 
^ Company, Wyeth, Inc., E. R. Squibb & Sons, Varick Pharmacal Co., Winthrop- 
Steams Inc., Sobering Corporation, Burroughs Wellcome & Co., and the David, 
Josephine, and Winfield Baird Foundation. 
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In previous experiments we showed that digitoxin decreased the histamine out- 
put of isolated rabbit and cat hearts (1). This observation leaves incompletely 
answered the question as to whether there is a pharmacological relationship be- 
tween digitoxin and histamine. As an approach to this problem three groups of 
toxicity e.xperiments were carried out: 1. We measured the blood histamine of 
rabbits during acute digito.xin poisoning; 2. We determined the effects of small 
amounts of histamine on the to.xicity of digitoxin on isolated heart preparations; 
3. In order to ascertain the t 3 q)e of joint toxicity produced by the two substances, 
we carried out acute toxicity studies on normal guinea pigs and determined the 
LDso of histamine and digitoxin given separately, and simultaneously in various 
proportions. 

Materials and methods. Seven normal rabbits which were fasted tor 18 to 24 hours 
were injected intravenously with 1 mgm./kgm. of digitoxin. The digitoxin solution was 
freshly prepared from a stock solution containing S mgm. of digitoxin per cc. of 95 per cent 
ethanol. For the injection of digitoxin the appropriate dose (1 mgm./kgm.) of this alcoholic 
solution was diluted with 0.9 per cent NaCl to a final volume of 5 cc. The same amount of 
alcohol (0.2 cc./kgm.), in saline mixture containing no digitoxin, was injected into 3 rabbits. 
Blood samples for histamine assay were obtained by cardiac puncture at the time intervals 
indicated in table I. Histamine was measured in trichloroacetic acid extracts of blood by 
the method of Barsoum and Gaddum (2). 

Perfusion experiments were performed on the isolated hearts of rabbits, cats, guinea pigs 
^and rats. The hearts were perfused by the method described preriously (1) . After a lapse 
of time varying from 10 to 20 minutes, during which the activity of the heart and the rate 
nf perfusion became constant, separate or simultaneous perfusions with digitoxin (1:40,000) 
and Vistamine dihydrochloride (1:1 ,000,000) in Ringer-Locke solution were commenced. In 
rabbit, cat and guinea pig heart perfusions the time which passed between the introduction 
of digitoxin or digitoidn plus histamine and complete heart arrest was noted. The volume 
0 ! the perfusate was measured for time intervals as given in figure 2. The more resistant 
rat hearts were allowed to beat for 1 hour with separate and simultaneous perfusions. All 
esrts of each species were besting at the end of 1 hour in control experiments in which only 
istamine dihydrochloride (1 : 1,000,000) was perfused. The hearts were weighed at the end 

0 each experiment to enable calculation of the volume of drug solution perfused per gram 

01 heart. 

The toxicity of digito.xin and histamine dihydrochloride in guinea pigs was measured as 
0 ows. The guinea pigs, weighing from 200 to 400 grams, were fasted for 24 hours and then 
*°*’'®Potitoneally with separate and combined solutions of the drugs. The LDjo 
0 each d rug was first determined. To reduce the amount of alcohol injected, a different 

This work was supported bj' grants from the Life Insurance Medical Research Fund 
and the Office of Naval Research N6ori-20, Task Order #11. 

ubmitted in partial fulfillment of the requirements for the degree of Doctor of Philoso- 
phy at the University of Chicago. 
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stock solution of digitoxin containing 10 nigm. per cc. of 95 per cent ethanol was used. For 
injection 2 cc. of this solution was diluted to 100 cc. with 0.9 per cent NaCl to give a final 
concentration of 0.2 mgm. digitoxin per cc. The amount of alcohol present did not produce 
toxic symptoms. The solution used for determining the LDjo of histamine contained 0.5 
mgm. of histamine dihydrochloride per cc. of 0.9 per cent NaCl. Toxicity measurements 
on the drugs combined were carried out using solutions of digitoxin and histamine dihydro- 
chloride in the following ratios of their LDsoiS, l:3,l:l,and3:l. For each LDso three to five 
groups of 6 animals each were used. In calculating the LDm the method of Behrens (3) was 
applied. 

Results. The results of the effect of digitoxin and alcohol on the blood hista- 
mine of rabbits is presented in table I. IVhile the control blood histamine 
level showed individual variation, in 6 or 7 animals there was a rapid decrease 
in the blood histamine following the injection of digitoxin. In animal num- 

TABLE I 


The effect of intravenous digitoxin (1 mgm./kgm.) and 95 per cent ethanol {OJS cc./hgm.) on 
the blood histamine level of rabbits 


JfO. OP AfrtUAL 

BLOOD niSTAlCNZ: (CAJOU PBS CSAlt BLOOD) 

Control 

10 minutes 

30 minutes 

Final sample 

1 

1.81 

1.24 

1.06 

1.5 (45*) 

2 

2.8 


0.6 

1.04 (51*) 

3 

1.02 



0.94 (40*) 

4 

1.33 


0.59 

0.78 (65*) 

5 

0.8 

1.0 

0.95 

0.57 (50*) 

6 

2.8 

2.0 

1.5 

1.3 (40*) 

7 

1.73 

0.71 


1.15 (65*) 

8t 

0.84 



0.81 (45*) 

9t 

1.35 

1.38 

1.36 

1.28 (45*) 

lot 

O.G 

0.56 

0.62 

0.70 (45*) 


* Time of removal of last sample. Animals 1 to 7 in a moribund state, 
t These animals received no digito.xin, only 0.2 cc. alcohol per kgm. 


ber 5 the decrease occurred 50 minutes after the injection. Some of the 
rabbits exhibited a terminal increase. In the control animals which received al- 
cohol no significant change in blood histamine could be observed. The action 
of digito.xin in lowering the blood histamine is similar to its effect on the histamine 
content of the perfusate of isolated rabbit hearts (1). 

A summary of perfusion experiments with digitoxin and histamine is presented 
in table II. Since the volume of perfusate is known, the amount of histamine 
dihydrochloride and digito.xin brought in contact nith the heart muscle can be 
calculated. The results of such calculations are presented in table II. The first 
column indicates the average amounts of digitoxin (gamma per gram of heart) 
which ■were sufficient to cause arrest of rabbit, cat and guinea pig isolated hearts. 
If digitoxin and histamine dihydrochloride were perfused simultaneously, 
the hearts were killed by much less digitoxin (second column). As shown in the 
third column, much larger amounts of histamine could be introduced into the 
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hearts in the course of 1 hour perfusions without exerting a lethal action. Eat 
hearts proved to be verj* resistant to digitoxin even with the addition 
of histamine. 


T.-VBLE U 


Atsclulc amounts of digitoxin and histamine dihydroehjoridc perfused into isolated hearts 
at concentrations of U^OfiOO and 1:1,000,000 respectively 


XO. or AXXICALS USED 

AVC. AMT, or 
DIGITOXIN CArSINC 
BEAST AXJXSt 

AVC. AMOITNTS OT DICITOXXN AND 

HZSTAMINZ DiHCl CADSXNC BEAST 
^ASSIST TTEZN TESTUSED SUfTETANEOUSLY 

AVC. AMOUNT OT 

HISTAMINE DiHCl 

TESTUSED WITROTJT 
DIGITOXIN IN 

1 HOUX 

Dlsitoxlii 1 

HlsUmine | 

15 rabbits 

17 cats 1 

13 guinea pigs 

13 rats 

gamnaf^ran hi, 

369 

495 

900 

1295* j 

f(j*nn3/fron ht. 

135 

285 

361 

30S2* 

senn^j/gran ki. 

5.4 

11.4 

14.5 

274* 

ganrta/gram ki. 

71 

124 

253 

246 


• This amount was introduced in the course of 1 hour without causing heart arrest. 


EFFECT OF HISTAMINE DIHYDROCHLORIDE (1:1,000,000) ON THE 
PERFUSION RATE OF ISOLATED HEARTS 



HISTAMINE PERFUSION STARTS *=PLUS 100CC. IS THE VOLUME OF PERFUSATE. 

case'of sjTnbols mdicate volumes of perfusate collected in S minute intervals in 

■ rabbit, cat and guinea pig hearts, and in 10 minutes for rat hearts. 

^n control experiments with digitoxin and histamine dih3'drochloride alone it 
^as found that histamine affected the perfusion rates of the isolated hearts. A 
emporary decrease in perfusion flow, indicative of a coronaT3’' constriction, was 
in rabbit hearts while cat, guinea pig and rat hearts exhibited a tran- 
sient increase in perfusion rate (fig. I). A transitory increase in heart rate and 
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contractility occurred with rabbit, cat and guinea pig hearts during histamine 
perfusion but rat hearts were little affected. Digitoxin in the concentration used 



Fig. 11. Dose-Mortauty Curves of Digitoxin and Histamine Dihydrochloride 
Log dose of mixtures is that of total dose (H + D). The guinea pigs were injected 
intraperitoneally. 


TABLE III 


The LDios oj digitoxin and histamine dihydrochloride alone and in mixture 


SISTAUXKE nZTDKOCHLOUDE* 

Dicrroxm* 

mim. f>tr 100 grami 

mgm. per 100 grams 

0.000 

0.266 

0.771 

0.000 

0.206 

0.204 

0.313 

0.104 

0.485 

0.054 


* Injected intraperitoneally into guinea pigs. 


(1 : 40,000) had no measurable effect on the rate of perfusion during the survival 
time of the isolated hearts. 

A graphic representation of the toxicity experiments in guinea pigs is given in 
figure II wherein the dosage-mortality curves of digito.xin and histamine dihy- 
drochloride separately and in three different combinations are presented. Mor- 
tality studies with histamine and digitoxin reveal that mixtures (see table III) 
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of the drugs produce a higher mortality rate than can be accounted for by a 
joint toxicity which is due to an independent and s imil ar action of the two drugs. 
For instance, the LDjo of histamine dihj'drochloride is 0.77 mgm. per 100 grams 
and the LDjo of digitoxin is 0.256 mgm. per 100 grams. In a mixtxire of 1 hista- 
mine dihydrochloride to 1 digitoxin in terms of LDbos, the amount of each drug 
in the LDso dose is 0.313 mgm. per 100 grams and 0.104 mgm. per 100 grams, 
respectively. Furthermore, the dosage-mortality curves of the combinations of 
digitoxin and histamine appear to be those of different drugs. "When the 
amounts of histamine dihydrochloride and digitoxin present in LDso doses 



to 50 DOSE OF OIGUOXIN IN 
MGM/100 GM 

TT — points represent the LDn, doses alone and in mi.xtures (I = 3H;1D; 

it - 1H:1D; in = 1H:3D; in terms of LD„’b). 


(aloM and in mixture) are plotted against each other, a concave curve is ob- 
nmed (fig. III). The curve suggests that in mixture the 2 drugs show a syner- 
gism in killing guinea pigs. 

Discussion. The material presented in this paper offers further evidence that 
ere is a pharmacological relationship between digitoxin and histamine. It was 
digitoxin exerts an effect on rabbit blood histamine similar to its 
e ec on the perfusates of isolated rabbit hearts. The decrease in blood hista- 
^Me observed was followed usually by a final tendency to increase. This latter 
ec^ maj be due to a compensatory mechanism of the total organism or to 
xm, since the poisoned animals showed a te rmina l dyspnea and cy- 
anosis. The second explanation is suggested by the results of Eichler and co- 
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workers (4) who reported that exposure of cats to an atmosphere of 10 per cent 
oxygen raised the plasma histamine concentration. 

In the presence of sublethal quantities of histamine dihydrochloride rabbit, cat 
and guinea pig isolated hearts behaved similarly and were arrested by 
much smaller amounts of digitoxin. A joint toxicity study on guinea pigs dem- 
onstrated a synergism between the two drugs, that is to say, the total reaction 
was greater than could be due to a summation of the individual reactions. In 
figure III only point III falls somewhat off the curve. If we consider this value 
as significant, the joint lethal action of the two substances in mixture III is 
additive, while in the other ratios the effects of histamine and digitoxin were 
more than additive. A quantitative determination of the degree of synergism 
was not the task of the present investigation, however, the given evulation of 
the data offers sufiScient evidence to show that histamine and digitoxin poten- 
tiate each other in their lethal action. This potentiation was more pronounced 
in isolated guinea pig hearts than in the whole animal. The small amount of 
histamine dihydrochloride used in the perfusion experiments had a considerable 
effect on the coronary flow as measured by the volume of perfusate. With the 
exception of the rabbit heart, there was an initial increase in volume of perfusate 
followed by a reversal. The rabbit heart behaved in an opposite manner. Dale 
and Laidlaw (cf. (5)) found a dilating effect of histamine in cat hearts. Andrus 
and Wilcox (6) found that the coronary outflow of the guinea pig heart was de- 
creased when histamine was added to the perfusion fluid. Wilcox and Seegal (7) 
later stated that the effect of histamine on the guinea pig coronary flow was de- 
pendent on the dose. This is in agreement with our findings. It might be as- 
sumed that the initial effect is due to the small concentration of histamine in the 
heart, whereas the reversal which follows is a consequence of a gradual accumu- 
lation of histamine in the heart muscle during the perfusion. The species differ- 
ences demonstrated rule out the possiblity that changes in coronary flow could 
be responsible for the potentiation observefl in the isolated heart experiments. 

SUMMAKY 

1. Following the intravenous injection of digitoxin (1 mgm./kgm.) into rabbits 
the blood histamine level decreased. 

2. Histamine dihydrochloride (1:1,000,000) greatly potentiated the lethal 
effect of digitoxin (1:40,000) on the isolated hearts of rabbits, cats and guinea 
pigs. The hearts of rats were resistant imder these experimental conditions. 

3. Histamine dihydrochloride (1:1,000,000) exerted a diphasic action on the 
the coronary outflow of isolated hearts. The hearts of cats, guinea pigs and rats 
exhibited an initial coronary dilatation while a constriction was observed in the 
case of rabbit hearts. 

4. In joint toxicity studies on guinea pigs digitoxin and histamine dihydro- 
chloride acted synergistically in producing death of the animals. 

Acknowledgements. ^ Our sincere thanks are due to Dr. E. M. K. Ceiling and 
Dr. J. M. Coon for their kind help and for much valuable assistance. We are 
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also grateful to Eli LiUy and Company, Indianapolis, for generously fumisliing 
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Addendum. Since this manuscript was submitted for publication, joint 
action experiments have been carried out on strips of atropinized guinea pig 
ilemn. It was found that 0.2 pgm. of histamine greatly augmented the contrac- 
tile response of the gut to 30 pgm. of digitoxin. Again the response was in the 
nature of a synergism. 
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Sulfadiazine was the first compound proven to be a complete causal prophy- 
lactic against Plasmodium galUnaceum in the chick (1, 2, 3) and has been used by 
many laboratories, including our own, as the reference drug in prophylactic anti- 
malarial screening tests. The procedure employed for such tests in this labo- 
ratory has been described in detail in Wiselogle (4, see TEST A-2) and is only 
briefly summarized here. One-week-old chicks (Gallus domesticus) are treated 
twice daily (b.i.d.) for 4 days, begirming 4 to 5 hours before subcutaneous inocu- 
lation with sporozoites of P. galUnaceum Brumpt (strain 8A). A drug is con- 
sidered active if at least 50 per cent of the treated birds show no evidence of 
infection for 35 days after inoculation {complete protection) or if, in at least half 
of the birds treated, there is a delay in the onset of parasitemia (partial protection ) . 
Over a period of four years, progressively larger doses of sulfadiazine have been 
required to give complete protection. In 1944, 0.125 mgm./gram (body weight) 
b.i.d. completely protected almost all birds tested, whereas in 1947, as much as 
0.5 mgm./gram b.i.d. protected less than half of them. 

Among the comparatively few compounds, other than the sulfonamides, found 
to have prophylactic action against P. galUnaceum is chlorguanide [l-(p-chloro- 
phenyl)-5-isopropylbiguanide].‘ Curd, Davey and Rose (6) have reported com- 
plete protection against the infection with this drug. In otu A-2 tests, 
chlorguanide at the maximum tolerated dosage level, 0.03 mgm./gram b.i.d.,* 
delays onset of parasitemia but protects very few birds completely. At toxic 
levels, though, it has been found to be a true causal prophylactic. 

It was considered of interest to determine the effect of simultaneous adminis- 
tration of chlorguanide and sulfadiazine on sporozoite-induced P. galUnaceum. 
In a pilot experiment, chlorguanide at 0.015 mgm./gram b.i.d. plus sulfadiazine 
at 0.125 mgm./gram b.i.d. completely protected all the birds, while each drug 
pven alone at the same dosage did not give complete protection in any instance. 
It was decided to extend the observations to see whether the effect was a syner- 
gism or a true potentiation. 

The results of three prophylactic experiments have been combined in table 1. 
Chlorguanide, at 0.015 mgm./gram b.i.d., when combined with sulfadiazine, at 
0.0078 mgm./gram b.i.d., protected 7 of 10 birds completely. In the remaining 

* Chlorguanide hydrochloride is the generic designation recognized by the Council on 
Pharmacy and Chemistry of the American Medical Association for this compound, widely 
known under a British trade name, "Paludrine hydrochloride.” (See J. A. M. A., 1S6: 251, 
1948.) 

* All chlorguanide doses are given in terms of the monohydrocbloride salt. 
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3, there was a marked delay in the appearance of initial parasitemia. However, 
when the drugs were given alone, sulfadiazine at 0.5 mgm./gram b.i.d. protected 
less than half of the birds, and chlorguanide at 0.06 mgm./gram b.i.d., & dosage 
highly toxic to chicks, protected slightly more than half the birds not dying of 
drug toxicity. If C represents the minimal dose of chlorguanide which protected 
half the birds when ^ven alone and S, the minimal dose of sulfadiazine which 
protected hah when given alone, then the minimal effective doses of the drugs 

C S 

in combination were found to be: — + — x- 

4 64''' 

The potentiation also occurs in blood-induced P. gdUinaceum infections in the 
chick. The drugs have been tested according to our routine A-1 procedure, also 


TABLE 1 

The effect of chlorguanide and sulfadiazine given alone and in combination' against sporozoite- 
induced Plasmodium gallinaceum in ehicJx*' 


saSc OT coUASuim ci ucu./cuu su. 


SmOCSLOSlFS 

Kone 1 

0.00193 1 

0.0039 { 

0.0078 1 

0.01S6 1 

0.03125 1 

0.0025 1 

0.125 

0.25 

0.5 

Bjj). 

Ko. o( birds showing no p&7&sitemi& for 35 dnys siter morals tion/no. of birds treated 


0/30 







0/10 


1/10 

6/29 


2/10 

0.0009375 

— 

— 

— 

— 

Esni 


— 

— 

— 

— 

0.001875 

_ 

— 

— 

— 

0/9 


— 

— 

— 

— 


_ 

— 


— 

Esni 


— 

— 

— 

— 


— 

— 

— 

— 

0/10 

— 

— 

— 

— 

— 

0.015 

0/20 

2/10 

2/10 

7/10 

19/24 

15/16 

6/5 

6/6 

— 

— 

0.03 

6/29 

— 

— 

— 

— 

— 

— 

— 


— 

0.06 

5/9 

— 



— 

— 

— 

— 

— 

— 


•"Serial dilutions were made from stock aqueous solutions of chlorguanide hydrochloride 
and sulfadiazine. The diluted drugs were combined in proper proportions to give the 
designated doses. 

’’ Drugs were given 4 days b.i.d. beginning 4 to 5 hours before subcutaneous inoculation 
of birds with sporozoites. Data from three experiments have been combined. 


described in Wiselogle (4). In this test the birds are treated twice daily for 4 
days, beginning 4 to 5 hours before inoculation with heparinized blood containing 
16 X 10’ parasitized eiythroejdes. Parasite counts (parasitized cells per 
10* erythrocytes) are made the morning after the last day of treatment. The 
minimal effective dose in this test is, by definition, that dose of drug which causes 
a,/ 5 per cent reduction in mean parasitemia in treated birds as compared with 
vmtreated controls. As seen in table 2, where two separate experiments have 
been summarized, the minimal effective dose of chlorguanide was 0.002 mgm./ 
gram b.i.d. and of sulfadiazine, 0.03 mgm./gram b.i.d. If C represents the mini- 
mal effective dose of chlorguanide when given alone and S, the minimnl effective 
dose of sulfadiazine when given alone, then the minimal effective doses of the 

drugs in combination were found to be: ^ -j- — or — -1- — . The potentiation, 

4 32 8 4 
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being limited by the drug present in least dilution, therefore, would be about 
four-fold. 

The subacute toxicity (4-day) in chicks of the drugs in combination, as ob- 
tained by the weight-gain method (4, see TEST 1-A), appears to be ad- 
ditive. We are indebted to Dr. Nathan B. Eddy, Principal Pharmacologist, Di- 
vision of Physiology, National Institute of Health, for toxicity data. 

It has also been found from studies on uninfected chicks that the plasma levels 
of sulfadiazine in individual chicks, as determined by the method of Bratton and 

TABLE 2 

The effect of chlorguanide and sulfadiazine given alone and in combination* against blood- 
induced Plasmodium gallinaceum in chicks'’ 



* See footnote a, Table 1. 

>> Drugs were given 4 days b.i.d. beginning 4 to 5 hours before intravenous inoculation 
of each bird with an inoculum containing 16 X 10' parasitized erythrocytes. 

' Parasite counts were made the morning following the last day of treatment. Each 
mean represents 10 birds. Bold-faced type indicates mean parasite counts which are at 
least 75% below the mean parasite count of the corresponding untreated controls. 


Marshall (6)^ were 33-100 per cent higher in those which received chlorguanide 
and sulfadiazine simultaneously, than in those which were given sulfadiazine 
alone (table 3). This increase in suKadiazine plasma levels, although statisti- 
cally significant, does not account for the increased rate of protection found when 
chlorguanide and sulfadiazine are administered concurrently. A contrast of two 
infected groups will make this evident. When sulfadiazine was administered 
alone at a dosage of 0.25 mgm./gram b.i.d., it protected less than half the chicks 

' WTien both drugs are adminisf ered concurrently, the presence of one drug does not inter- 
fere with the measurement of the other. 
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in prophylactic tests (table 1) even though the resulting plasma level was 19.0 
mgm. per cent (table 3). IVhen sulfadiazine was administered at a dosage of 
0.0156 mgm./gram b.i.d. concurrently with chlorguanide at a dosage of 
0.015 mgm./gram b.i.d., 19/24 chicks were completely protected while the 
sulfadiazine plasma level was 2.8 mgm. per cent (table 3). A similar series 
of chlorguanide plasma levels (vmpublished data), determined according to the 
method of Spinks and Tottey (7)’ on pooled samples from 5-10 chicks, showed 
no consistent differences between chicks receiving concurrent sulfadiazine and 
chlorguanide and those receiving chlorguanide alone. 

Ifurther investigations are now in progress to find whether the potentiation 
with chlorguanide extends to other sulfonamides and to determine the mode 

TABLE 3 


The concentration o/ sulfadiazine in the plasma of uninfected chicks given sulfadiazine alone 
and in combination^ with chlorguanide'^ 


KUUBEX or B,ISSS 

DOSE or SUtrADIATINE 

DOSE or CH1X>ECUANIDE 
EYDEOeSLOSIDE 

UEAK FLAStf A lEVEL Or 

1 SULTADIAZINE 


tngfn./gfam bA.d. 

mgm./gram b.iJ. 

mgm, % 

7 

0.0039 

0.015 

1.3 ± 0.16 

7 

0.0156 



2.0 db 0.23 

9 

0.0156 

0.015 

2.8 db 0.21 

10 

0.03125 



3.4 =b 0.5 

9 

0.03125 

0.03 

6.5 ± 0.6 

5« 

0.25 

— 

19.0 

5' 

0.25 

0.03 

27.0 


* See footnote a, Table 1. 

*■ Drugs were given 31 days b.i.d. Blood samples were drawn 3 hours after last dose. 
' Samples pooled. 


of action of the potentiation. It is suggested that the potentiation of effect 
achieved with chlorguanide plus sulfadiazine may extend to bacterial infec- 
tions, including those in which sulfonamides are only partially effective. The 
application to human malaria is obvious, and experiments are now in progress by 
other members of the staff to test both the therapeutic and the prophylactic 
effect of chlorguanide-sulfadiazine combinations against Plasmodium vivax 
in man. 


SUMMARY 

Concurrent administration of chlorguanide and sulfadiazine was examined for 
prophylactic and suppressive activity against Plasmodium gallinaceum infections 
in the chick. It was found that the two drugs potentiate one another. The 
effective dose of chlorguanide could be reduced to one-quarter when combined 
with to the effective dose of sulfadiazine. The potentiation could not be 
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accounted for by the concentrations of the drugs in the blood. The toxicity 
the two drugs in combination was additive. 
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Since the introduction of citratedbloodfor transfusion in 1915 by Lewisohn (1), 
there has been considerable study as to its value and its disadvantages. In the 
original work, the relative safety of the procedure was demonstrated first in dogs 
and then in man. Following this, much was done to improve the technique and 
thereby reduce the number and severity of the untoward reactions. In recent 
years under the stimulus of massive transfusions of citrated blood for treatment 
of extreme shock produced by hemorrhage, there has been much study and specu- 
lation as to the occurrence of citrate intoxication (2). However, there appar- 
ently have been no comparative studies as to the toxicity of citric acid and its 
sodium salts as measured by the LDso, although anticoagulant acid citrate dex- 
trose solution is U.S.P. The following work was rmdertaken to determine the 
LDto for citric acid as well as for it's sodium salts. 

Method. White mice, albino rata, rabbits and dogs were used as experimental animals. 
Equal molecular concentrations of citrate in the forms of citric acid, monosodium citrate, 
disodium citrate, and trisodium citrate were compared. Five himdred and ninet3'-mne 
intraperitoneal injections of 0.0477 Molar solutions were made in four hundred and seventy- 
seven mice weighing between 14 and 28 grams with an average weight of 19 grama. Three 
hundred and eightj’-four intraperitoneal injections of 0.3S1 Molar solutions were made in 
two hundred and ninetj'-nine rats weighing between 85 and 170 grams with an average weight 
of 120 grams. Three hundred and sixtj’-one intravenous injections of 0.0119 Molar solutions 
were made into the tail veins of two hundred and seventj'-nine mice weighing between 
14. S and 28.5 grams with an average weight of 22 grams and in these the whole dose was given 
within a few seconds. One hundred and fifty-eight intravenous injections of 0.477 Molar 
solutions were made into the lateral ear veins of one hundred rabbits weighing between 1.75 
and 2.75 kilograms with an average weight of 1.95 kilograms. Here a constant injection 
rate of 0.75 cc./minute (0.358 millimoles/minute) was used. The LDio was determined with 
each method of administration for citric acid, monosodium citrate, disodium citrate, and 
trisodium citrate bj- the method of Reed and Muench (3). 

Eighty intravenous injections of 0.25 Molar solutions were made into the tail veins of 
eighty mice weighing between 19 and 29 grams with an average weight of 24 grams. Twenty 
mice were used for each compound. In these experiments the injections were made at a 
constant rate of 6 cc./minute and continued until the animals died. The individual lethal 
doses in millimoles per gram of each of the citrate solutions injected were averaged for each 
twenty animals, and the standard deviations determined. 

Under ether anesthesia lumbar cordotomies were performed on seven dogs weighing 
between 10 and 15 kgm. As soon as the animals recovered from the anesthetic the left 
femoral artery was cannulated and connected to a mercury manometer using heparin as the 
anticoagulant. Four animals received trisodium citrate (2.94 grams/kilogram/lOO cc.) and 
the other three were given equal molar quantities of citric acid (2.10 graros/kilogram/lOO 
cc.) intravenously at a constant rate of 0.07 cc./minute until death resulted. 
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Resdlts. The visible responses of mice, rats, rabbits and dogs to toxic doses 
of citric acid, monosodimn citrate, disodium citrate, and trisodium citrate were 
similar and consisted primarily of increased general activity, hypeipnea, vaso- 
dilatation of the peripheral vessels, salivation, muscle twitching, clonic and tonic 
convulsions, cyanosis, Che 3 me-Stokes req)iration and some deaths. In all of the 
animals receiving single injections except those injected intraperitoneally with 
citric acid, if recovery occiured it was apparently complete within a few minutes. 
These findings are explained adequately by the fact that there is formation of 
double salts with calcium which do not liberate calcium ions (4). 

Since this is intended as a comparative study the doses are expressed in milli- 
moles/kilogram in table I instead of the usual grams/kilogram. Because the 
molecular concentration of the citrate ion was kept constant, in so far as citrate 
ion effect is concerned, the LDco determinations of the various salts can be com- 
pared directly. Citric acid and its sodium salts have the same toxicity when 
given slowly intravenously to rabbits (see table I). When citric acid was given 

TABLE I 


The toxicity of citric acid and its sodium salts in millimoles /kilogram as measured by means 

of the LDit 


1 

JOmiKL 1 

KO. 

1 

ROOTE or ASyiKtSTBATIOH 

1 

axRic 1 
ACID 

UONO- 1 
SODIUM , 
OTRATE ; 

DI-SODimt^ 

OTRATS 1 

TRI- 

50DXUU 

CITRATE 

Babbits 

1S8 

Intravenous at rate of 0.35S 
millimoles/minute 

1.72 

1 

1 

1.76 

! 

1.77 

1.74 

White mice 

361 

Kapid intravenous 





White mice 

599 

Intraperitoneally 





Albino rats 

384 

Intraperitoneally 

4.6 

1 6.3 

1 

6.0 


intraperitoneally to rats and mice a number of animals died as long as one week 
after recovery from the immediate toxic effects. Gross post-mortem ex- 
aminations performed upon many of these animals did not reveal the cause of 
death. If these compoimds are inj ected rapidly intravenously in mice significant 
differences in the toxicity are observed (see table I). It would appear that the 
acid rather than the citrate part of the molecule is the cause of this difference 
in toxicity. 

In those experiments on mice in which intravenous injections of 0.25 Molar 
solutions were made at a constant rate of six cubic centimeters per minute (1.5 
millimoles of the drug per minute) no significant differences in the averages of 
the individual lethal doses were noted. In the 80 e.\periments (20 for citric acid 
and 20 for each of its sodiiun salts) the average dose necessary to kill all of the 
animals TOth the standard deviation was 2.08 ± 0.11, 2.01 rfc 0.09, 2.21 it 0.10, 
and 2.24 ± 0.51 for citric acid, monosodium citrate, disodium citrate and tri- 
sodimn citrate respectively. 

In the experiments on dogs in which blood pressures were recorded thete was 
a gradual fall in blood pressure during citric acid injection until near death when 
the pressure fell precipitously to zero. When sodium citrate was used the blood 
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pressure remained fairly normal during the injection until just prior to the death 
of the animal when it fell abruptly to zero. 

Discussion. There are four criticisms to drawing an}’’ conclusions as to the 
effect of citrated-blood for transfusion purposes in man from our results: first, 
our results were obtained from animals and may not be directly applicable to man 
on a kgm./kgm. basis; second, these anirnals were injected with pure 
drug, whereas, the ctirate solution may be altered by the presence of the blood 
for transfusion; third, the rate of injection in these animals was much more rapid 
in millimoles/kgm./minute than would ever be given to man in the form of 
citrated blood; fourth, the patients are not well at the time of transfusion. 

Theoretically, ignoring the above criticisms and assuming the LDso for man 
to be about 1.75 millimoles/kgm., or near that for the slow intravenous injection 
of rabbits, about one liter of anticoagulant acid citrate dextrose solution U.S.P. 
would have to be ^ven to a 70 kgm. man in a 15 minute interval or less in order 
to cause the demise of one-half of the patients so treated. 

SUMMARY 

1. The train of symptoms follo’wing the administration of citric acid and its 
sodium salts in toMC quantities appears to be identical -with that of calcium ion 
deficiency consisting of increased general actmty, hyperpnea, vaso-dilatation of 
the peripheral vessels, salivation, muscle twitching, clonic and tonic convulsions, 
cyanosis, Cheyne-Stokes respirations and some deaths. 

2. The LDjo for citric acid, monosodium citrate, disodium citrate and trisodium 
citrate in millimoles/kgm. was as foUow’s: intravenous administration in rabbits 
1.72, 1.76, 1.77, and 1.74 respectively; for intravenous administration in mice 
0.22, 0.23, 0.30, and 0.66 respectively; for intraperitoneal administration in mice 
5.0, 7.6, 7.5 and 5.5 respectively; and for intraperitoneal administration in rats 
4.6, 6.3, 7.3, and 6.0 respectively. These results suggest that citrate intoxication 
in massive transfusions does not occur. 

We ■wish to thank Dr. Charles M. Gruber and Dr. Harold W. Jones for their 
assistance. 
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In a recent paper (1) a procedure for the determination of thiopental (ethyl 1- 
methyl butyl thiobarbiturate) based on its strong ultraviolet absorption spectra 
was demonstrated to be highly specific, sensitive, and quantitative. The present 
report is of a procedure that is applicable to the quantitative determination of 
barbiturates other than thiobarbiturates. The principle of the method is based 
on the extraction of the drug by an organic solvent and its removal from the or- 
ganic solvent by extraction with alkali. The concentration of barbiturate in the 
alkaline solution is determined by the intensity of the absorption in the ultra- 
violet. 

Experimental. For the optical measurements, the Beckman photoelectric 
quartz spectrophotometer with the standard 10 mm. square quartz absorption 
cells is used. 

In fig. 1 are shown the absorption spectra of some representative barbiturates 
in 0.5 N sodium hydroxide. These spectra are similar to those found 
by Elvidge (2) and by Stuckey (3). Each compound is characterized by intense 
ultraviolet absorption with a maximum at 255 ecu' and a minimum at 235 nu<. 
At 255 my, concentration bears a linear relationship to the optical density up to 
at least 20 micrograms per cc. for each of the barbiturates (fig. 2). Significant 
optical density readings are obtained with concentrations as low as 2 micrograms 
per cc. of solution. 

Delermination of iarbiturates in -plasma or whole blood. By means of a burette, 
25 or 50 cc. of redistilled chloroform are run into a separatory funnel. Samples 
of 0.5 cc. to 5 cc. of blood are added to the chloroform and the separatory funnel 
is shaken for approximately 3 minutes.’ After the two phases are allowed to 
separate, the chloroform is cleared through a dry filter paper to obtain an aliquot 
of 20 or 40 cc., depending on the initial volume of chloroform. It is now trans- 
ferred to another separatory funnel and extracted uith 5 cc. of 0.5 N sodium 
hydroxide. The lower chloroform layer is discarded while the alkaline solution, 
containing the barbiturate as its sodium salt, is run into a test tube and centri- 
fuged to bring down suspended chlorofonn. Three cc. of the clear alkaline so- 
lution are transferred to the absorption cells, and the ultraviolet absorption 
spectrum determined against a reference blank solution of 0.5 N sodium 
hydroxide. The optical density of the particular barbiturate at the absorption 
maximum, 255 m;i (fig. 1) is used for the estimation of the concentration. The 

' The addition of a buffer to adjust the pH of the blood was not necessary, since it was 
found that all the above barbiturates could be extracted quantitatively up to a pH of 7.5. 
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values for 50 micrograms of barbiturates in S cc. of sodium hydroxide range from 
an optical density of 0.28 for seconal to 0.32 for phenobarbital (fig. 1). A re- 
agent blank is determined by substituting water for blood in this procedure. 

Determination of harhiturales in tissues. Tissues are prepared for extraction by 
homogenizing with M/15 phosphate buffer, pH 7, in either a Waring blender or 
in an all-glass tissue homogenizer. Five grams of wdghed tissue are homogen- 



ized with 5 cc. of buffer in the bleudor and with the use of an additional 5 cc. 
transferred to a separatory funnel containing 50 cc. of extracting solvent. For 
the accurate analysis of ^ to 2 grams of tissue, 5 grams are ground up rvith the 
buffer in the glass tissue homogenizer, made up to a volume of 25 cc., and an 
aliquot taken for analysis. Chloroform forms troublesome emulsions with brain 
homogenates, but if ethylene dichloride is used instead this does not occur. 
Chloroform is the solvent of choice for all other tissues. The procedure is con- 
tinued ns described in the analysis of blood. The concentration of the 
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alkali used for the extraction of the solvent is increased to 1 fV to eliminate the 
turbidity that sometimes appeared in the weaker alkali. For the reference blank 
solution, 1 N sodium hydroxide is used. 

Blood mid tissue blanks. Normal blood and tissue extract will have some ab- 
sorption at all wave lengths. The same kind and approximately the same in- 
tensity of absorption were found ivith specimens of blood and tissues from rats, 
mice, rabbits, and humans. In experimental studies, the variation of the blood 



Fig. 2. The Relation Between Optical Densitt (2-log G) at 255 Mh 

AND BaEBITXJKATE CONCENTRATION 

The ordinate represents optical density (2-log G) and abscissae barbiturate concentra- 
tion in micrograms per cc. of 0,5 N sodium hydro.xide. 


and tissue blanks, together with those of the reagents, can be controlled by the 
analysis of a preliminaiy blood sample taken before the administration of the 
barbiturate or by the use of tissues from a control animal. For toxicological 
analysis where no previous barbiturate-free samples are available for controls, 
known negative blood and tissue, or the average optical density values obtained 
from a large number of known normal bloods and tissues may be used. The 
average optical density values for 1 cc. of fresh blood or 1 gram of fresh tissue 
at 255 m/i are, shown in table I. With putrified tissues, the normal 
optical density values are increased. 
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Recovery of added harhiluraies. Recoveries ivere carried out by adding known 
quantities of representative barbiturates (seconal, pentobarbital, amy- 
tal and pbenobarbital) to varying amount of blood (0.5 cc. to 5 cc.) and 
different tissues (0.5 grams to 5 grams). The amount recovered was determined 
from the difference between the optical denaties at 255 im* of each sample before 
and after the addition of the barbiturates. The results are recorded in table II. 
It can be seen that if the normal blank values are accurately determined, re- 

TABbE I 


The optical densities of extracts of normal tissues at SS5 mu 


TISSUES 

KintBES.OT 

DETESlOKAtlOSS 

1 ctTTicxLjiJSismtsycfs. 
rxrsACis or 1 cc. or 

1 esAU IN 5 cc Of 

0 5 N NaOH* 

SXANEAAD XXkO% Of 
THE UEAH IK TEXUS 

or idcxoGSAUs 

Of BASEirOEAtES 

Blood 

25 * 

.03 ±.007 

■MM 

Liver 

IS 

.07 ±.01 


Kidney 

12 

.06 ± 01 i 


Brain 

15 ' 

.04 ± 01 


Muscle 

12 

M ±.01 

■bh 


• Includes the standard error of the mean 


TABLE II 


Recoveries of representative barbiturates [seconal, amytal, pentobarbital, phenobarbilal) added 

to blood and tissues 


SAunx 

1 KOlQEEOf 

1 zirrEUcxKAfioM 

QOAKTITY or 
BAUITUEAtES ADDED 
TO SAUFLES Of 0 5 CC, 
TO 5 CC Of BLOOD OB 

0 5 GtAUS TO 5 eXAUS 
Of TISSUE 

I 

AVEBACE 

BECOVEBV* 



ntcrciroms 

j mxcTOiTQms 

Blood 

20 

20 

1 19 ±.013 

Blood 

16 

40 

39 ±.014 

TlESUCSf 

25 

40 

39 ±.020 

Tissues and blood 

11 

80 

81 ± 025 

Tissues and blood 

8 

1 

100 

97 ±.030 


The average recovery was found to be independent of the kind of tissue or barbiturate. 

Includes the standard error of the mean, 
t Combined recoveries from liver, brain, muscle and kidney 


coveries of more than 95 per cent are obt^able when barbitiuate concentrations 
as low as 20 micrograms are added to varying amounts of blood and tissue. In 
toxicological samples, the size of the error that may be introduced by the use of 
the average normal values in table II is indicated by the standard error of the 
mean for each tissue. Since a value, to be significant, should be two or three 
tunes the standard error of the mean, the procedure is reliable lor barbiturate 
levels as low as 0.4 mgm. per 100 cc. of blood and 1 mgm. per 100 grams of tissue. 
The error introduced for these low level determinations may be as large as 25 
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per cent, decreasing with increasing concentrations of barbiturates to less than 
10 per cent for levels above 2 mgm. per 100 cc. of blood and 4 mgm, per 100 
grams of tissue. 

Sensitivity. The concentration of barbiturate needed to give a significant op- 
tical density value at 255 was found to be approximately 2 micrograms per 
cc. of sodium hydroxide (fig. 2) or 10 naicrograms in 5 cc. (the volume at the end 
of the e.\'traction procedure). It was found possible to determine barbiturate 
concentrations of 0.4 mgm. per 100 cc. of blood and 1.0 mgm. per 100 grams of 
tissue. The use of a large sample is indicated when the barbiturate concentration 
is low and the blank is small, for although there is a proportional increase in the 
blank, more accurate results are obtainable at the higher optical density. A 5 
cc. blood sample is taken for barbiturate concentrations between 0.4 to 3 mgm. 
per 100 cc. Above these levels, 2 cc., 1 cc., and 0.5 cc. are used. A 2 gram to 
5 gram sample is taken for barbiturate concentrations of 1 mgm. to 3 mgm. per 
100 grams, and 1 gram or less for higher concentrations. 

Specificity. The presence of a barbiturate in the extract of blood or tissue may 
be demonstrated by obtaining the optical density of the unknown sample 
at various wave lengths between 225 m/i and 305 mix, then subtracting the op- 
tical densitites at the respective wave lengths obtained from a similar quantity 
of normal blood and tissue. The resulting absorption curve should be identical 
with those in fig. 1 and have a characteristic maximum at 255 mii and a minimum 
at 235 ma. 

An additional characteristic of barbiturates is the difference in the absorption 
spectra in alkaline and in acid solutions. There is a marked shift in absorption 
maximum from 255 ma, in alkali, to a wave length below 220 mp, in acid. The 
amount of change is directly related to the concentration of barbiturate 
in solution. 

Differences in the absorption spectra of the barbiturates are not great (fig. 1). 
However, they are sufficient to produce a change in the ratios between the op- 
tical densities at 235 m/i, 230 mr<, and 225 mM with that at 255 iiui. For ex- 
ample, the ratios for phenobarbital are 0.69-0.97-2.06 in contrast to 0.59-0.70- 
1.55 for Seconal. These ratios can be used to differentiate some of the 
barbiturates. 

Determination of blood and tissue levels in rabbits and humans. To illustrate the 
application of the above procedure, rabbits weighing approximately 3 kgm. were 
injected intravenously or intraperitoneally with each of four barbiturates repre- 
senting various degrees of duration of action. Blood samples were withdrawn 
by cardiac puncture at different time intervals. Finally, after killing the rabbits 
with an air embolism, the cfistribution of the barbiturates in the tissues was de- 
termined. The results of this study are shown in table III. A day-by-day 
study of the blood level of a patient given phenobarbital is illustrated in figure 3. 
The analysis of a number of toxicological specimens are listed in table IF. 

Discussion. Table III shows that with phenobarbital, a long-acting barbit- 
turate, the blood level falls very slowly and remains at a high level for a consider- 
able time. With the short-acting barbiturates the level falls at a more rapid 
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rate. The disappearance from the blood is related to the duration of action of 
the barbiturates, i.e., amytal falls at a slower rate than seconal. The concen- 

TABLE III 


Blood levels and tissue distribution after the injection of anesthetic doses of representative 
barbiturates in S kgm. rabbits 


BAXSmnUkTE 

AUOUNT IKJ. 

TTVy 

ATTC& 

INJ. 

PLASUA 

OONC* 

WHOLE 

BLOOD 

COKC. 

LIVEB 

CONC. 

ZIDKEY 

CONC. 

BKAXN 

CONC. 

UUSCLE 

CONC. 


mgm. 

min. 

mgm. 100 cc. | 


mgm./JDO gm. 


Phenobarbital 

410 I.V. 

30 

16.2 








60 

14.4 








130 

14.4 








345 

13.S 

12.7 

20.0 

11.5 

12.0 

9.0 

Phenobarbital 

420 I.V. 

30 

17.0 

17.0 

28.0 


13.5 

13.0 

Phenobarbital 

100 I.P. 

10 

6.9 

6.7 

19.8 

7.7 

3.4 

4.8 

Amytal 

150 I.V. 

6 

7.8 

7.5 







37 

5.3 

5.1 







86 

4.1 

3.5 





Amytal 

100 I.V. 

12 

5.8 








42 

5.0 








57 

4.0 






Amytal* 1 

100 I.V. 

1 5 

7.4 

7.0 

22 

12.4 

11.0 

5.2 

Pentobarbital 

100 I.P. 

10 

4.0 








37 

3.4 








67 

2.5 








99 

2.3 

2.0 

5.5 

4.5 

4.6 

2.2 

Pentobarbital 

200 I.P. 

15 

7.4 

7.1 

27.0 

12.0 

8.0 

4.0 

Pentobarbital 

100 l.P. 

10 

4.2 

4.4 

17.4 

7.8 

5.2 

3.3 

Seconal 

100 I.P. 

8 

5.8 








19 

2.4 








49 

2.4 








79 

2.4 








104 

2.4 








154 

2.0 








219 

1.4 

1.4 

5.0 

2.4 

2.0 

2.0 

Seconal 

125 l.P. 

5 

6.8 

6.6 

20.0 

5.4 

3.5 

3.8 


* After 57 minutes the animal -was reinjected with 100 mgm. of amytal. 


tration of barbiturates (table W) was found to be highest in the liver and lowest 
in the muscle. 
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TABLE IV 


Barhilurate concentrations in cases oj non-fatal and fatal poisoning 




STOU- 






CASE 

BASBITUEATE 

ACBCON* 

BLOOD 




CLINICAL HISTOBY ' 



1 TENTS 








I mgm./IOO cc. 

j mgm.fI00 gremf 


1 

Seconal 

1200 

7.5 

31.0 

24.0 

11.0 

Found dead 

2 

Seconal and 

1 200 

3.7 




Died 1 hour after admission in 


amytal (Tu- 
inal) 






coma to hospital 

3 

Pentobarbital 


4.0 




Found dead 

4 

Pentobarbital 

1200 

4.0 

20.0 

5.0 

4.0 

Found dead 

5 

Amytal 


0.8 



0.9 

Alcoholic: Died soon after injec- 






1 

i 

tion of 100 mgm. of sodium am- 
ytal I.V. 

6 

Phenobarbital 

1 

9.0 

9.0 



Died 30 minutes after admission 


Phenobarbital 



1 

1 


in coma to hospital. History 
of ingestion of paraldehyde and 
phenobarbital 

7 


9.8 




Died 48 hours after admission to 




i 


i 


hospital in coma 

8 

1 Phenobarbital 


2.3 




Child 3 years old admitted semi- 


1 






comatose to hospital 

9 

Phenobarbital 


8.0 




Comatose upon admission to hos- 




7.2 




pital. 24 hrs. later, semi-com- 
atose 

10 

Phenobarbital 


5.0 




.Admitted comatose; history in- 




1 

I 4.4 


! 


gestion of phenobarbital and 
paraldehyde 





1 

1 


24 hours later semi-comatose 

1 


i 

2.1 




Six days later, asymptomatic 



days 

Fig. 3. Blood Level of a Patient on Dailt Doses of Phenobaebital 

This procedure has been of great value in the clinical, pharmacological, and 
toxicological studies of the barbiturates by making possible a rapid, simple quan- 
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titative determination of low barbiturate levels in the blood and tissues. In 
cases of coma of undetermined origin, the analysis of a blood sample provides a 
rapid means of qualitatively and quantitatively determining the presence, or ab- 
sence, of barbiturates. The subsequent treatment can be determined by the 
barbiturate blood levels found at different time intervals. Further studies are 
being made to relate barbiturate blood levels udth clinical signs and symptoms, 
as well as the use of this procedure for the toxicological estimation and identifi- 
cation of barbiturates. 


SUifttABT 

1. A simple, rapid, highly specific procedure is described for the determination 
of barbiturates in blood and tissues based on the characteristic ultraviolet ab- 
sorption spectra of the malonyl urea ring structure. 

2. The method is sensitive to 0.4 mgm. per 100 cc. of blood and 1.0 mgm. per 
100 grams of tissue with an error of less than 10 per cent. 

3. This procedure is applicable to the clinical, pharmacological, and toxico- 
logical investigation of barbiturates in blood and tissue. 

Acknowledgment. The author is indebted to John Hidalgo and James Spencer 
for their technical assistance. 
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Recent work has shown that the major part of acetanilide administered oraUy 
to man is transformed in the body to N-acetyl p-aminophenol (1, 2). Con- 
siderable concentrations of this substance found in plasma suggested that the 
analgesic activity of acetanilide might be directed, at least in part, through this 
derived product. Studies which appraise the effect of therapeutic doses of N- 
acetyl p-aminophenol on the pain threshold are described below. 

Method and matbbials. The technique employed here for the measurement of pain 
threshold, a modihcation of the cutaneous heat-radiation method described by Hardy, 
Wolff and Goodell (3), has been previously described (4). Twelve normal female human 
subjects, all previously familiarized with the sharply deffned pain sensation, were used for 
the testa. 

Duplicate control measurements of the pain threshold were made. These agreed for 
each subject within 3 per cent. N-acetyl p-aminophenol was administered orally, and 
observations of the pain threshold level were made at 30 minute intervals for 4} hours. 
The pain threshold raising effect was expressed in per cent elevation above the control level. 

Resuws. Figure 1 shows the time-efifect curves for N-acetyl p-aminophenol 
after the administration of 0.325 grams of the drug. Twelve experiments were 
done, so that each point is the average of 12 measurements. The threshold to 
pain rose within 30 minutes following the administration. The peak of the ac- 
tion was reached in about 2^ hours and the threshold returned to normal in about 
4 hours. Plasma levels were not measured in these experiments. However, the 
time of the maximal analgesic effect and the duration of the effect were consistent 
with the plasma levels obtained in other subjects after oral administration of the 
drug (2). 

The maximal rise in pain threriiold, above the control level, averaged 30 per 
cent. This rise was maximal for the drug since the administration of 1 gram 
achieved no fmrther increase in the pain threshold. The height and duration of 
the threshold raising effect of N-acetyl p-aminophenol were comparable with 
those obtained by other workers with acetanilide (6). 

Placebos were administered to the subjects used in the above axperiments and 
the change in pain threshold was measured. The maximal rises above the con- 
trol level averaged four per cent. 

. Discussion. The analgesic activity of N-acetyl p-aminophenol in therapeutic 

' The work in this paper was supported by a grant from the Institute for the Study of 
Analgesic and Sedative Drugs. 
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dosage was found to be comparable to that of acetanilide administered in the 
same dosage. The rapid transformation in man of acetanilide to N-acetyl p- 
aminophenol suggests that acetanilide acts for the most part through this derived 
compound. It has been shown that acetophenetidin (p-ethoxy acetanilide) is 
rapidly changed in the body to N-acetyl p-aminophenol suggesting that aceto- 
phenetidin also acts through this derived product (6). 

N-Acetyl p-aminophenol, administered orally, is not attended by the for- 
mation of methemoglobin even in high dosage, nor at least in vitro, does it destroy 
red cells. It is possible, therefore, that it may have distinct advantages over 
acetanilide as an analgesic. 



Fig. 1. The Average Pain Thbebhoib Eixvation fob 12 Subjects Hestotino from 
THE Oral Abminibtration of 0.325 Grams of N-Acettl p-Amnophenol 

SUMMARY 

The pain threshold elevation of N-acetyl p-aminophenol, a product derived in 
the body from acetanilide, was assayed by cutaneous heat-radiation. The results 
indicated it to be an active analgesic. It is suggested that the action of ace- 
tanilide is directed through this derived product. 

REFERENCES 

1. Eester, D., and Greenberg, L. A.: This Joobnal, 90: 6S, 1947. 

2. Brodie, B. B., and Axedrod, J.; This Journal, 94 : 29, 1948. 

3. Hardt, J. D., Wolff, H. G., and Goodell, H.: J. Clin. Inves., 19: 649, 1940, 

4. Fu.vn, F. B., and Chaikeus, A. S.: Am. J. of Psychiatry, 103; 349, 1946. 

5. WoLTF, G. H., Hardt, J. D., and Goodell, H.: J. Clin. Inves., 20: 63, 1941. 

6. Brodie, B. B.. and Axelrod, J.: Fed. Proc., 7: 207, 1948. 



ON THE AIECHANISM OF THE COmTILSANT ACTION OF 
STRYCHNINE; THE LACK OF ATROPINE ANTAGONISM 

W. CLARKE WESCOE’ anp RAY E. GREEN* 

Pharmacology Section, Medical Division, Army Chemical Center, Maryland 

Received ior publication June 24, 1948 

Strychnine is a powerful convnlsant which exerts its major action on 
the spinal cord. It has been suggested by Nachmansohn (1), on the basis of 
certain in vitro experiments, that strychnine exerts this action by ^’i^tue of its 
ability to inhibit cholinesterase. The pharmacological properties of strychnine, 
as exhibited in the cat, do not for the most part resemble those of typical anti- 
cholinesterase drugs. It is unlikely, then, that the mechanism of action of strych- 
nine can be explained on this basis alone. In addition, strychnine is a much less 
potent anti-cholinesterase in vitro than is physostigmine, neostigmine or di-iso- 
propylflurophosphate (DFP). 

The central nervous system effects of anti-cholinesterase compounds are pre- 
sumed to result from the accumulation of acetylcholine. It is now generally 
accepted that atropine counteracts the central effects of acetylcholine (2) ; more- 
over, it has been shown that atropine annuls or prevents all of the actions of 
physostigmine and neostigmine in the spinal cord (3, 4) as well as the 
central excitatorj’’ action of DFP in laboratory animals (6) and in humans (6). 
It should be emphasized that in all these cases relatively small doses of atropine 
are sufficient to abolish central effects. If cholinesterase inhibition is the mech- 
anism by which strychnine acts upon the spinal cord, then atropine should prove 
an effective antagonist. 

Recently, it has been reported that large doses of atropine e.\'ert a protective 
action against the lethal effects of strychnine in the mouse (7). On the other 
hand, there are data which suggest that atropine augments the convulsive action 
of strychnine in the dog (8). The present e.xperiments were designed to inves- 
tigate the possible antagonism between strychnine and atropine in the central 
nervous system and to compare the action of strychnine with that of a powerful 
anti-cholinesterase, DFP. 

Methods. Cats were used in all experiments. Under preliminary ether and local anes- 
thesia the trachea was cannulated, screw electrodes were inserted in the calvarium over the 
frontal areas, and coaxial screw electrodes were inserted in the upper lumbar vertebrae until 
they touched the spinal cord. When the animals had recovered from general anesthesia 
they were curarized (Intoeostrln, Squibb) to prevent muscle potential artifacts in the elec- 
troencephalogram (EEG) and the electrospinogram (ESG); positive pressure artificial res- 
piration at the rate of 20 per minute was instituted when ourarization was complete. Rec- 
ords of electrical potentials from the cortex and spinal cord were made with a Grass 

* Captain, M.C., A.U.S. Present address: Department of Pharmacology, Cornell Uni- 
versity Medical College, New York City. 

* Captain, M.C., A.U.S. Present address: Department of Pharmacology, University of 
Wisconsin hledical College, Madison. 
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4-cbaiinel ink -writing electroencephalograph. In several cases, -spinal animals were^ 
prepared by sectioning the cord at the level of C-1 under preliminary ether anesthesia. 

All injections were made intravenously into a saphenous vein. All solutions were pre- 
pared daily in distilled water in suitable concentrations. 

Experimental, Effect of atropine. The effect of atropine on the control 
EEG and ESG patterns was observed in 4 cats. The injection of relatively 
small (1-3 mgm.)^ doses of atropine sulphate produced a shift in the control elec- 
trical pattern of the cortex to one in which moderately high voltage waves in the 
slow frequency range of 6 to 10 per second predominated. Further increments 
of atropine did not produce any more drastic slowing. In contrast to this, the 
injection of atropine in amounts ranging from 1 to 40 mgm. did not produce any 
change in the spontaneous electrical activity of the spinal cord. 

Action of DFP. Experiments were performed upon 6 cats. The injection of 
3 mgm. of DFP (the LDmo for this sample of the drug) produced, within 2 to 4 
minutes, a change in the electrical pattern of both the cortex and the spinal cord. 
The cortical effect has been described in detail in a previous publication (5) ; it 
consists, briefly, in the appearance of low voltage waves in the high frequency 
range of 24 to 40 per second. In the spinal cord, the onset of DFP activity 
occurred within 1 to 2 minutes; it produced rhythmic bursts of activity which 
can be described best as an intermittent tetanus. The frequency of this regular 
discharge varied between cats but always lay in the range of 26 to 28 per second ; 
this latter frequency appeared to be the maximum which could be attained, for 
higher doses of DFP did not influence it. These high frequency potentials were 
of high voltage and persisted for extended periods of time if atropine were not 
given. Figure IB shows a tj-pical DFP response. 

Similar experiments w'ere carried out on 3 cats whose spinal cords had been 
sectioned at the level of C-1. In these animals the same cortical effects appeared 
after DFP as in unoperated preparations, but no spontaneous increase in activ- 
ity was produced in the spinal cord. Fio spontaneous increase in voltage or fre- 
quency could be detected from the spinal leads although such animals, under 
these circumstances, had exceedingly active reflexes and responded with short 
high voltage bursts to jarring or tapping on the vertebral column. 

Alropinc-DFP antagonism. The increase in electrical activity of the cord and 
cortex produced by DFP was abolished promptly by the injection of 3 mgm. of 
atropine. This effect of atropine is shown in figure 1. The spinal cord effect 
was the more easily controlled by atropine; in all instances, the cord actiidtj' 
returned to control levels in 45 to 60 seconds. 

It .should be mentioned that the longer the inteival between DFP adminis- 
tration and injection of atropine, the more difficult it became to reverse the con- 
vulsive pattern in the cortex with the latter drug. However, all conmlsive 
activity produced by DFP could be controlled if the doses of atropine were 
mcrca.sed to 5 or 8 mgm. One other phenomenon is wortfij' of note; in an occa- 
sional animal the injection of atropine was followed by an immediate short-lived 
(10 second or less) increase in cortical and spinal activity which then 

■ All doso.s .nrc (-.xprep.-ca in milli(;rnmB per kilogram body weight. 
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fell to confrol level. This has been observed also in unanesthetized, uncurarized 
cats undeigoing DFP convulsions (9). 



Fig 1 The Action of DFP and Athopine-DFP Antagonisv 
Curarized cat, unanesthetized A Control tracing SP — spinal lead, RF — right 
frontal lead B Tracing obtained 3 minutes after the injection of 3 mgm of DFP C 
Tracing obtained 50 seconds after the injection of 3 mgm -of atropine D Tracing ob- 
tained 3 minutes after C 

Effect of Strychnine. The effect of strychnine was obsen^ed in 8 curarized cats. 
In these animals the injection of 0.1 or 0.2 mgm. of strychnine sulphate pro- 
duced a “spinal convulsion” within 30 to 60 seconds. This effect on the spinal 
cord consisted of the appearance of a long-sustained, continuous series of high 
voltage potentials with a frequency of 28 per second. This continuous activity 
lasted for as long as 2 hours in some instances. Despite the tremendous activity 
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in the cord, the cortex shoived very little deviation from control activity in this 
dose range. A typical strychnine effect appears in figure 2. 
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Tio 2 The Action of Striciixine axd Failure or Atropixe Antagonism 
Curarizcd cat, unancfithetizcd A. Control tracing SP — spinal lead, RF — right 
frontal lead B Tracing obtained 8 minutes after A Atropine has been given in divided 
dorses to a total of 20 mgm C Tracing obtained 1 minute after the injection of 0 2 m^. 
of strychnine Ten minutes had elapsed since the last atropine injection D Tracing 
obtained S minutes after C E. Tracing obtained 20 minutes after C. F. Tracing 1 hour 
after C and immediately after lapping on the vertebral column 


Similar experiments were performed on 4 cals with cord transection. In these 
nnimiil'^ spinal “electrical con\’\ilsions” appeared within 45 to 00 seconds. The 
spinal potentials were more variable in this series; although higli voltage waves 
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ot 28 per second frequency appeared, the runs were less well sustained; instead 
of a long repetitive series, the ESG consisted of relatively short bursts of such 





Fig 3 The Action of Strychnine in the Spinal Cat and Failure 
OF Atropine Antagomsv 


Spinal cat, curanzed, unanesthetized A Control tracing SP — spinal lead, RF — right 
frontal lead B Tracing obtained 3 minutes after the injection of 20 mgm of atropine in 
2 divided doses C. Tracing 2 minutes after the injection of 0 2 mgm strychnine D 
Tracing 1 minute after C E Tracing 3 minutes after C 


activity separated by periods of high voltage vaves in fiequency ranges from 10 
to 24 per second During periods of such random activity, the regular 28 per 
second pattern could be re-established easily by lightly tapping over the verte- 
brae or stroking the skin. Figure 3 shows the tj'pical effect of strjxhnine in the 
cord-sectioned animal. 
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Absence of atropine e^ecl on strychnine adion. In both the spinal and the in- 
tact cat the injection of as much as 50 mgm. of atropine did not prevent the 
onset of electrical convulsions produced' by strychnine and could not abolish 
them once they had appeared. These experiments did not produce any evidence, 
either electrically or clinically, that atropine exerted any moderating influence 
on the action of strychnine. This is in direct contrast to the ease nith n'hich 
atropine aborts or prevents spinal and cortical convulsions induced by DPT. 

The possibility of atropine-strychnine antagonism was also tested in 4 vman- 
esthetized, uncurarized cats. Each of these cats received 16 mgm. of atropine 
intravenously 1 hour prior to the injection of 0.2 mgm. of strychnine. All of the 
animals died in typical tetanic strychnine convulsions; the atropine did not pre- 
vent the appearance of symptoms nor did it prevent a fatal outcome. The anti- 
dotal effect of atropine in cats poisoned with physostigmine, neostigmine or 
DFP, on the other hand, is well established. 

Discussion. The present experiments confirm previous observations that 
atropine antagonizes effectively the central excitatory actions of DFP. In view 
of the fact that the great mass of data points to cholinesterase inlubition as the 
onlj' mode of action of DFP, it is lopcal to conclude that atropine acts in this 
case by blocldng receptor cells from the action of acetylcholine. Atropine in- 
hibition of DFP effects is even more prompt and efficient in the spinal cord than 
in the cortex although, unlike its slowing effect on the cortex, atropine exerts no 
effect on the normal spontaneous activity of the cord. 

The observation that DFP does not cause spontaneous spinal convulsions 
in the spinal animal was unexpected. The additional finding that stiychnine 
convulsions are less well sustained in the spinal animal than in one with an in- 
tact neuraxis suggests that pathways from centers above the cord must remain 
intact, if maximum sustained spinal stimulation is to take place. 

The observation that atropine reversal of DFP effects is more difficult to 
aceomplidi as the interval between DFP and atropine administration lengthens 
is not new. Prophylactically, atropine is efficient in smaller doses than it is 
therapeutically. This phenomenon is probabty related to the kinetics of the 
competition between atropine and acetylcholine for the receptor cell. 

The absence of modifying effect of atropine on strychnine action is in direct 
contrast to that upon DFP. The major portion of strychnine action was on the 
cord but DFP, in addition to its effect on the cord in the intact cat, also pro- 
duced intense stimulation of the cortex. Atropine, remarkably efficient as an 
antagonist to DFP, does not prevent or abolish the action of strychnine even 
when it is given in massive doses. The facts that strychnine exerts such a 
specific action on the spinal cord and that its effects cannot be moderated by 
atropine militate strongly against cholinesterase inhibition as a significant fea- 
ture of its convulsant action. The pharmacologic facts sen'e to point out the 
inherent fallacy in attempting to define drug action on the basis of in n(ro ex- 
perimentation alone. 

The maximal rate of ESP convulsions after strychnine is worthy of comment. 
Smyth (10), who recorded elcclromyograms in frogs poisoned by stryclmino, 
confirmed Buchanan’s obsetvation that the so-called strychnine tetanus eonsists 
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of a series of very short tetani. The electromyograms showed that these short 
tetani occurred at a maximum frequency of 10-12 per second; this frequency was 
attributed to the rate of discharge from the spinal cord. It was impossible in 
these present experiments on cats to obtain cord potentials of a frequency higher 
than 28 per second; this was true with both strychnine and DFP. The onset 
of the 28 per second pattern was qmchronous with the appearance of tetanic 
convulsions in non-curarized animals. This observation indicates that this fre- 
quency is the maximal rate with which the synapses involved can react in the 
upper lumbar region of the cord in cats, assuming that all the cells 
“fire” synchronously. 


SUMMARY 

1. The electrical manifestations of strychnine action upon the neuraxis of the 
cat have been studied. 

2. Atropine exerts no effect upon these manifestations although it is very 
effective against those caused by the powerful anti-cholinesterase, DFP. 

3. The facts indicate that it is unlikely that strychnine action upon the spinal 
cord is referable to its anti-cholinesterase properties. 

4. Neither strychnine nor DFP spinal convulsions are well sustained unless 
the neuraxis is intact. 

5. The maximal frequency with which synapses react in the upper lumbar 
region of the cat has been shown to be about 28 per second. 
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This iarestigatioD is concerned tvith a series of 2-hydrQxy-3-alkyl-l ,4-naplitho- 
quinones, exemplified by these coded as M-1916 and M-2S5, that possess efiective 

0 

Q = 0.5 

iM-1916 {SN-5090) iI-2S5 (SN-5949) 

suppressive, prophylactic, and curative action against a\*ian malarial infections.* 
In an early clinicsd trial of M-1916 and M-2S5 (1), Brodie found that the pig- 
ment e.xtracted from red specimens of plasma of patients under study had the 
same spectral characteristic as the drug a dminis tered (X max 490 mn in alkali) 
but rras partially extractable from ether by bicarbonate, whereas the ori^al 
drag was not. The quinones evidently suffer some form of degradation, and the 
present investigation was imdertaken to discover the nature of the metabolic 
proceses. AI-2S5 is four times as active as iI-1916 in the suppression of infec- 
tions in ducks and chickens but proved completely inactive against P. vivax and 
P- fdciparum in man, whereas !M-1916 exerted a definite, if temporary, thera- 
peutic effect. Both compounds appeared much less effective in man than in 
birds, probably because of more extenave metabolism. TUe therefore investi- 
pted the metabolic fate of naphthoquinones having various types of ade chains 
m normal and hospitalized nonmalarial subjects in the hope either of finding 
compounds more resistant to degradation or of isolating a metabolite that might 
he responable for the therapeutic action exerted by M-1916. 

' This ivork was done in part under a contract, recommended by tbe Committee on Xledi- 
^ Research, between the Office of Scientific Research and Development and Harvard 
University and in part with the aid of a grant from the Rockefeller Foundation, 

'Preceding papers: J. .Am. Chem. Soc., publication in press. 

Paper I surveys the investigations as a whole and includes references to the biological 
find inedical documentation of tbe compounds. 

* Lingnan University, Canton, China. 

^“vfirsity of California at Berkeley. 
tTniversity of Oregon. 
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TABLE I 

Administration of naphthoquinones to human subjects 


QCrINONE U^IDE CHAIH 


1916, -(CHj),C.Hi.-Cy. 

Acetate 

Propionate 

Hydroq. triacetate . . 


PEAK lEVELS OP 

QuiNOK'E picirzar 



iroms days 

13 0. 6-2.7 1-14 3/13 GI 

1 2.3 4 None 


mrm. frtpw. 
12-20 >100* 
29» 372* 


1.8-2. 4 1 2/2 M, N 24 



1971, -(CH,),C6H„-Cy 


1956, -(CHs)tCiH„-Cy 


285, -CHjCHCCHOGHun 

Acetate 


1523, -(CH,)iCH(CHj)j 

Propionate 

Caprylate 


1711, -(CHs),CH(CH.), 

Acetate 


1929, -(CHj).CH(CH,)s 


287, -(CHs)sCH(CH,), 

Acetate 


273, -C»Hs,-n 

Acetate 


1941, -CHsCH(CH,)(CH,).CH(CH,)! 
Acetate 


1933, -(CHOpCHCCHOCCHj),- 
CH(CH,)j 

Acetate 


1538, -CH=CHCtHn-n 


289, -(CH,).CH=CH, 


374,-(CH-)3-A*-CycIohexenyl 


297, -(CH't)i-|9-decaIyI-trans 

Acetate 

Hydroq. triacetate 
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TABLE I — Continued 


QCINOJO: U-, SIDE CBAIH 

KO, or 
eXSES 

^ DOSE 

i 

i SYitrtous 

1 

i PEAK LE\'XI.S or 
j QOmOKE PICUENT 

Plasma 
per 1. 

Urine, per 
24 hrs. 


5 

trams 

2-3 

1 days 

ll-U 

3/6 M, D 

mtm. 

10-14 

1 

low 


1952, -(CH,),-C.H.CH,-p 

2 

2-3 

B 

None 

8-10 

28 


29.5 -(GHA.-S-tetralvl 

B 

1.8 

2 

1/1 N 

4.6 




■ 

0.6 i.v. 


None 





GI = gastrointestinalirritation; D = diarrhea; N = nausea; M = malaise. 

* The peak values identified by this reference mark were observed in five cases in which 
drug was ingested by the same individual (L. F. F.) 


Method. The compounds studied differ only in the nature of the hydrocarbon side 
chain in the 3-position (table I). The substances were given orally by capsule in the day- 
time and blood samples (heparinized) usually were drawn the following morning.’ Plasma 
analyses were made by early procedures of extraction and colorimetry that are only ap- 
proximate. Assay by direct polarigraphic analysis of a mixture of plasma with an equal 
volume of methanol under nitrogen (hi. Fields) proved unsatifactory because of the presence 
of variable amounts of reducible substances in normal plasmas. Urines were processed by 
heating a 24-hr. specimen (rich red) with 50 grams of sodium hydroxide for twenty minutes 
on the steam bath (deep yellow), cooling, acidifying nnth 150 cc. of concentrated hydro- 
cUoric acid (light yellow), and extracting with ether (two 2S0-CC. portions). The procedure 
was applied to a solution of 200 mgm. of hydrolapachol (M-1523) in 1700 cc. of urine and 
195 mgm. were recovered. Alkaline hydrolysis in the cold liberates all the pigment but is 
attended with more troublesome emulsions. When a urine aliquot was not hydrolyzed but 
treated with quantities of sodium chloride and hydrochloric acid equivalent to the final 
concentrations of the hydrolysis procedure, the yield of pigment was only two-thirds that 
obtained by alkaline hydrolysis. 

An ethereal extract of hydrolyzed urine, separated after centrifugation or suction filtra- 
tion to break the emulsion, was washed with small portions of a buffer of pH 6-7 to remove 
brownish pigment and then separated by extraction with buffers of increasing alkalinity 
into fractions designated early, middle and late. In some instances plasma samples of 
sufficient volume (up to 220 cc.) for the isolation of metabolites were obtained by administer- 
ing the compounds to patients with polycythemia vera before venesection. All substances 
isolated from plasmas were identical with metabolites found in urines. 


’ No notable differences in drug absorption were observed in trials of: finely ground 
drug; crystalline sodium salt; drug ground with an equal weight of sodium bicarbonate; 
ground with glucose; ground with bovine albumin; as low-melting or liquid acetate or 
higher ester; with enteric coated ox bile tablets; as a liquid (37”) two-phase system (2.5 
pams of M-1916, 30 cc. olive oU, 10 cc. 95 per cent alcohol, 2 drops of water). Gastro- 
intestinal disturbances produced by some compounds in some individuals seemed less 
prevalent when drug was administered with food. 
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solution is discharged at once when the solution is shaken with ordinary ether 
that contains peroxide. In the process of metabolic oxidation, however, the 
first point of attack is at or near the terminal part of the hydrocarbon side chain. 
When the hydrocarbon group terminates in a cyclohexyl ring, this ring is hydrox- 
ylated. In antirespiratory studies the two hydroxylated metabolites of M-1916, 
which persist in the blood for long periods, ha^'e been found to possess one-tenth 
the antimalarial activity of M-1916, and these substances undoubtedly were 
responsible for the therapeutic effect obseT^'ed clinically. One compound with 
a noncyclic (but short) chain, M-1523, is also hydroxylated, but all other open- 
chain compounds studied are metabolized to carboxjdic acids, usually by w- 
methyl ojddation, but in the case of M-285 by orfdation at the ij-position with 
loss of one carbon atom. Since the carboxylic acids are completely devoid of 
in vivo or in vitro antimalarial activity, the failure of M-285 in the clinical trial 
is explained. 

The figures given in table I for concentrations of total naphthoquinone pig- 
ment represent material that is largelj' or wholly degraded, for other results 
(Paper XX) have shown that degradation is complete within two or three hours. 
The oxygenated and distinctly more hydrophilic metabolites are evidently 
tolerated in blood at remarkably high levels and they are very' persistent. After 
administration of 2 grams of M-297 per day for three days, the foUou’ing plasma 
concentrations were noted (mgm. per cent): day 4, 13.0; day 8, 9.4; day 14, 6.2. 
llTien M-1916 acetate was given in olive oil at a dosage of 2.28 grams per day 
for three days, the levels were: day 4, 27.2; day 7, 27.0; day 14, 7.0. In the 
latter case the urinary output had dropped by the seventh day from a peak of 
0.2-0 .4 gram to 0.03 gram per day and the amount excreted from the seventh to 
the fourteenth day was only about 0.1 gram, and yet during this period the total 
amount of naphthoquinone circulating in the blood had fallen from an estimated 
1.2 grams to 0.3 gram. Since the only quinone pigment recoverable from the 
feces was pure M-1916, the degraded material evidently undergoes slow oridation 
to colorless products. In a trial made to see if continued drug administration 
would result in the building up of excessive concentrations of degraded material, 
1 gram of M-297 was given orally on each of sixteen consecutive days; the basal 
plasma concentration, determined each morning, soon reached a level of 7-8 
mgm. per cent and remained there. The excretion of pigment varies con- 
siderably from compound to compound. The continued administration of 2-5 
grams per day of M-1916, M-1523 or M-273 results in an output that reaches a 
peak of 360-370 mgm. per 24 hrs. on the third or f murth day, whereas comparable 
dosage with M-297 or M-2279 gives an excretion of no more than 60 mgm. per 
day, and often less. 

Table I includes eighteen mstances where administration of an acyl derivative 
of a hydroxynaphthoquinone produced plasma levels of deacetylated drug at 
least as high as when free drug was given. The hydroquinone triacetate of 
M-1916 suffered deacetylation in the human organism, but neither the acetate 
nor the hydroquinone triacetate of M-297 appeared to be assimilated. In four 
of five mstances a propionate produced severe malaise whereas the corresponding 
acetate, caprylate, or free hydroxy compound gave rise to little or no symptoms. 
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Experimental. M-1916 — ^The lower-melting metabolite was first isolated in small 
amount (m.p. 104-105.5°) from SO cc. of blood drawn from a normal male on the third day 
of drug regime (table II) and was then encountered in three plasma samples obtained from 
polycythemic patients either 4-6 hours after an eight-hour period of drug administration 
or on the day following three days of dosage (case 27) . Still more abundant amounts were 
obtained from urines. The higher-melting metabolite was encountered less frequently 
and in smaller amounts, and may arise at a later stage of metabolism. Both substances 
were isolated from a single plasma sample, both were obtained from the urines of a single 
individual, and both were obtained after administration of either the free drug or an acyl 
derivative. No differences were observed in the nature of the mixtures extracted from 
plasmas and urines. 

llS°-Melaholite — The substance is beat crystallized by long standing in a solution in a 
rather large volume of ethanol highly diluted with water and containing a trace of hydro- 


TABLE II 

Sources of crystalline metabolites from M-W16 



112' 

-ItETABOJUTE 


i 

ISS' 

’-IIETABOUTE 


Case j 

Derivative 

Source 

Day 1 

Case 

Derivative , 

Source 

Day 

1 1 


L.F.F. plasma | 

3 



1 


5 1 


Perrar* plasma 

1 


1 



7 1 


dayman* plasma 1 

1 





i 


dayman* plasma j 

2 

7 


dayman* plasma j 

2 

g 

Acetate 

L.F.F. urine i 

4 

9 


L.F.F. urine 

6 



Padula urinet 

? 





26 

Propionate | 

1 

Levins urine 

3 

27 

Propionate 

Davis* plasma 

4 


* Polycythemic, 
t Case at Welfare Island. 


chloric or acetic acid. The solution very slowly deposits bright-yellow needles, m.p. 111- 
112.5°. The analyses reported are of two different samples 
Analysis — CisHjjO<. Calculated, C 72.59, H 7.06 

Found, “ 72.47, 72.48; H, 7.34,7.30 

Titration at a glass electrode gave the neutralization equivalent 302 (caled. 314) and the 
value pK‘° r*' = 6.95 (value for M-1916 = 6.67). The ultraviolet absorption 

spectrum corresponds closely to that of M-1916. The substance is optically inactive. 
When a sample was acetylated and then treated with pyridine-sulfur trioxide and the re- 
action mixture distributed between ether and water, 86 per cent of pigment was found in 
the ether phase; this behavior is indicative of a secondary alcohol (Paper XVI). The 
sulfate esters of both metabolites behave in very much the same manner and are unlike the 
esters of tertiary alcohols. 

1B5° -Metabolite — The fully purified substance separates slowly from well diluted methanol 
in the form of long needles. The best sample melted at 152.5-154.5° (microscope) . 
Analysis — CisHuOi. Calculated, C 72.59, H 7.06 
Found, “ 72.70, “ 7.41 

When synthetic 2-hydroxy-3-T-(4'-hydroxycyclohexylpropyl)-l, 4-naphthoquinone (M- 
2336) became available the following melting points were observed in capillary tubes: 
M-2336, 155-156°; metabolite, 151.5-153°; mixture, 151.5-154.5°. 

Isolation; Fractionation with Buffers — Some extracts consisted almost entirely of one or 
the other metabolite, and fairly pure material was obtained easily by direct crystallization 
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from ligroin. In case 27 a 100-cc. portion of tbc plasma was acidified and extracted with 
ether and the ethereal solution extracted with dilute alkali. The red solution, found by 
assa3' to contain 11,5 mgm. of pigment, on acidification deposited crystals of the high- 
melting metabolite, m.p. 151-152°. Comparable crj-stalline material was obtained from the 
total pigment (16.7 mgm.) extracted from a 120-cc. aamplo of the same plasma with isoamyl 
alcohol-sodium hydroxide-sodium chloride. The combined mother liquor pigment 
amounted to only 19.8 per cent of the total pigment, and fractional extractions showed that 
all of it could be extracted from ether by a buffer of pH 7.66, which is not capable of ex- 
tracting M-1916. M-1916 is not extracted from even a highly concentrated solution in 
ether by an 0.967 hi phosphate buff er of pH 8.0. Both the 112° and the 155° metabolite can 
be extracted from a concentrated ethereal solution with fair facility by a buffer of pH 6.8. 
The extraction constants of the metabolites are both about the same (pE = 6.5, see Paper 
XV). 

Although initial observations seemed to indicate that a part of the pigment from urines 
and plasmas could not be e.xtracted by sodium bicarbonate but only by alkali, investigation 
showed that all the pigment can be extracted from the supposed late fraction with some 
15-20 portions of bicarbonate. An empirical procedure for the separation of degraded and 
undegraded drug by fractional extraction from ether with a buffer of pH 8.6 was applied to 
the analj'sis of plasmas drawn at intervals after the intravenous injection in one hour of 
500 mgm. of M-1916 in alkaline saline. The estimated amounts of M-1916 present in the 
total plasma pigment were as follows: immediately after injection, nearly 100 per cent; 
1 hour, 52.5 per cent; 3 hours, 11 per cent (4.2 mgm. per cent of pigment). 

Another product derived from M-1916 was an early fraction from a third-day urine that 
remained unextracted by ether after acidification of the total sodium hydromde extract. 
This pigment (25 mgm.) was recovered by ether extraction only after the aqueous solution 
had been saturated with sodium chloride. 

31-1971 — A fraction of urinarj- pigment extracted from ether by a buffer of pH 8.25 was 
sublimed at 140° and 0.05 mm. and crystallized four times from methanol-water; the sub- 
stance formed yellow needles, m.p. 174.8-176.8°. The composition is not far from that of a 
monohydroxy derivative possibly contaminated with the product of dehydration formed in 
the sublimation. 

Analysis — CS1H34O4. Calculated, C 73.14, H 7.57 

Found, “ 74.17, 74.04; H 7.80, 7.64 

M-SSS — ^The predominant metabolite excreted in abundant amounts in the urine is 
readily obtained by extracting hydrolj’zed or unhydrolyzed urine with ether, extracting the 
pigment from the ether with several portions of 0.5 M bicarbonate solution, and acidifying 
the red extract. On standing for a few hours in the cold room the solution deposits a brown- 
ish crystallizate that is best freed of contaminants by sublimation in vacuum and is thereby 
obtained as a bright yellow solid. A 13.9-mgm. sample was dissolved in a boiling mixture 
of 2 cc. of water and 1 cc. of methanol and a pink color was discharged by the addition of one 
drop of acetic acid. The solution on slow cooling deposited beautiful prismatic needles. 
When crystallization was effected by adding water to a hot methanol solution to the point 
of turbidity the substance separated as leaflets. The two forms are interconvertible and 
have the same melting point characteristics. Four samples were analyzed with the results 
recorded in table III. 

Potentiometric titrations of 5-mgm. samples in 5 per cent acetone solution gave the fol- 
lowing results: pK» s'' “'•»»» = 5.65, 5.74; neut. equiv., 167, 160 (calcd. for CnHsoOs 
with two acidic functions, 158). For comparison, titrations were made with two synthetic 
acids of comparable molecular weight. 2-Hydroxy-3-(8'-catboxy-n-octyl)-l,4-naphtho- 
quinone: pK” = 7.13. 7.23; neut. equiv,, 169, 161.5 (calcd. 165). 2-Methyl-3- 

(8'-carboxy-n-ootyl)-l, 4-naphthoquinone: pK* r" •e«w=i> = 4.68; pK®° Kesino = 
7.35. The titration ^curves were all similar and those for the two hydroxyquinones showed 
no break, an indication that the carboxyl and quinonoid hydroxyl groups are of very nearly 
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the same acidic strength. The spectrum of the metabolite corresponds closely to that of 
M-2S5. 

The methyl ester was prepared from 21 mgm. of the metabolite, 0.76 co. of methanol and 
four drops of concentrated sulfuric acid (overnight, then refluxed). A yellow solid, m.p. 
72-79°, that precipitated on the addition of water was sublimed at 70°and 0.01 mm. and crys- 
tallized three times from 70-90° ligroin. The ester forms yellow prismatic plates, m.p. 
76.5-79.5°, and is extracted from ether by 0.5 M bicarbonate solution. 

Analysis — CitHnOj. Calculated, C 69.07, H 6.71 
Found, 68.74, " 6.69 

The hydroquinone triacetate prepared from a 40-mgm. sample was obtained initially 
as an almost colorless glass. A solution of the substance in very dilute methanol slowly 
deposited colorless warts that melted after recrystallization at 154-160° (microscope). 
Analysis — CjiH-jOs. Calculated, C 64.85, H 6.34 
Found, " 64.44, “ 6.35 

Attempts to decarboxylate the triacetate with copper and quinoline or with copper-barium 
chromite in diphenyl ether resulted only in the recovery of some of the starting material. 

M-ISSS — Hydrolapachol is degraded much less rapidly than any of the other naphtho- 
quinones with a hydrocarbon side chain, and the preponderant constituent of most of the 
plasma and urine extracts processed was easily isolated and identified by mixed melting 


TABLE III 
M-S8S metabolite 


CASE 

fiotrscz 



1 « 



•c. 

1 per eeni 

6 

L.F.F. urine 

154-174 (microscope) 

68.12 

6.46 

15 

H.H. urine 

150-174 (microscope) 

68.27 

6.25 

21 

Slotnick urine 

160-172 (capillary) 

68.14 

6.03 

21 

Slotnick urine 

163-173 (capillary) 

' 67.90 

6.45 



CuHioOs. Calculated 68.34 j 

6.37 


point determination as unchanged M-1523. The first evidence of the presence of a meta- 
bolite was the isolation of fl-Iapachone (2) from an early fraction that had been acidified 
and allowed to stand in contact with excess hydrochloric acid. The acid-sensitive pigment 
was then isolated and identified as hydroxyhydrolapachol (2). A comparison of the hy- 
droxy compound with the parent substance showed that the former has an extraction con- 
stant about 2 pH units more acidic than the latter. A fairly sharp separation can be ac- 
complished by extraction from ether with sodium acetate, or better with a buffer of pH 6.9; 
hydroxyhydrolapachol is extracted efficiently whereas very little of the undegraded sub- 
stance is removed. 

In one experiment a polycythemic male was given 4 grama of hydrolapachol caprylate 
during six and one-half hours and blood was drawn thirteen hours later. The pigment ex- 
tracted from 215 cc. of plasma was separated by extraction from ether into a sodium acetate 
fraction containing 1.9 mgm. per cent of pigment (colorimetric) and a sodium hydroxide 
fraction containing 4.6 mgm. per cent of pigment. Processing of the early fraction afforded 
a crystalline product melting at 124-126° (microscope) and identified as hydroxyhydro- 
lapachol (m.p. 129-130°) by mixed melting point determination (124-129A°). The late 
fraction yielded 3.S mgm. of hydrolapachol, m.p. 87-90°. The pooled urine of days 2,3 and 
4 was fractionally extracted with a buffer of pH 6.9 and then with alkali with the following 
results: early fraction, 44.0 mgm. (characterized by conversion to fl-lapachone, m.p. and 
mixed m.p. 153-154°) ; late fraction, 88.5mgm. Extraction of the late fraction with petroleum 
ether and crystallization from dilute methanol afforded 34.7 mgm. of hydrolapachol, m.p 
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92^93°, mixed m.p. 92.5-94^°. The mother liquor material •was treated -with sulfuric acid 
and residual hydrolapachol removed by extraction with alkali. The neutral residue con- 
tained no more than 0.5 per cent of degraded drug. The figures cited indicate that 29 per 
cent of the plasma pigment is degraded and 33 per cent of that in the urine is degraded. 

Analyses of urines of three malarial patients undergoing trial therapy with hydrolapachol 
propionate indicated that in the first few days of therapy the pigment excreted in the urine 
was degraded to the extent of 22-33 per cent and that in the period of excretion two or 
three days after termination of therapy the pigment was 60-80 per cent degraded. 

M-t7il — In the one case studied the subject was given 4 grams of M-1711 acetate in 
eight hours. The total pigment from the first 4S-hour urine was extracted from ether by 
alkali and then taken into ether again and fractionally extracted by the process shown in 
the chart (extracted material down, unextracted to the right) ; the amounts in each fraction 
were determined colorimetrically. 


Total NaOH-Extract 



Early Fraction — ^The material recovered from the sodium acetate fraction was a dark, 
partly crystalline solid. Extraction ■with several portions of 70-90° ligroin gave material 
that on two recrystallizations from well diluted methanol formed yellow blades softening 
at 158° and melting at 166° (found C 67.80, H 5.68) . A purer sample was obtained by crys* 
tallizing the dark ligroin residue from 25 cc. of water; filtration of the hot solution removed 
considerable tar. The dull yellow needles deposited on cooling were recrystallized from 
water (20cc.), alcohol (2cc.) and a drop of acetic acid. The solution after clarification with 
Norit deposited short, hair-fine yellow needles that softened at 175® and melted at 185® 
(nucroBcope) . 

ATiolym— CuHiiOs. Calculated, C 66.56, H 5.60 

Found, » 67.17, 5.91 

Terminal melting points observed under a polarizing microscope were as follows: syn- 
thetic 2-hydroxy-3-(4'-caTboxyamyl)-l,4-naphthoquinone (Paper X>, 185®: imxture with 
metabolite, 1S6®. 

^te Fraction The material (b) that had persisted after fourteen extractions with bi- 
carbonate and therefore behaved Uke undegraded drug gave three crops of silken needles 
^ming voluminous tufts. The first crop on recrystallization from methanol-water 
afforded 10 mgm. of apparently homogeneous needles, m.p. 102-103°. The melting point 
is stmctly lower than that of M-1711 (120®) and the analysis corresponds better with that 
calculated for the next lower homolog. 

CuHiiO,. Calculated, C 73.75, H 6.60 

, Found, » 73.63, ** 7.02 

n of tiie sample was combined with the other crystallizates and the material 

mgm.) was processed with acetylsulfuric acid in pyridine with the idea of remo\ang any 
unsa ura e ma nal (Paper XVI). The mixture was distributed between water and ether 
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and the fraction in the ether layer was saponified and the red solution (containing 12 mgm. 
of pigment) acidified. A bright yellow solid separated, m.p. 97-99°, and on crystallization 
from methanol-water formed silken yellow needles, m.p. 102-102.5°, 2-Hydroxy-3-n- 
amyl-1, 4-naphthoquinone (M-1710) melts at 103-104° (3), and a mixture of this substance 
and the metabolite in a capillary tube melted at 100-101°, resolidified at once when removed 
from the bath, and remelted at 99-100.5°. Samples e.xamined under the microscope showed 
the following terminal melting points: substance isolated, 107°; M-1710, 106.5°; mixture, 
105°. 

The pigment of the sub-fraction (a) likewise appeared to contain M-1710, for it afforded 
yellow needles, m.p. 94-96°, that gave no depression when mixed with M-1710 but depressed 
the melting points of both the n-butyl and the n-propyl derivatives. 

Other Observations — ^The middle fraction afforded no crystalline material. The com- 
bined urine of the third and fourth day was extracted as before and the total sodium hydro.x- 
ide extract acidified and extracted with ether. It was noticed that considerable yellow 
color was retained in the water layer even after repeated extraction with ether, and there- 
fore the solution was saturated with sodium chloride and again extracted. Ether then 
indeed removed material giving a characteristic red extract with alkali (27 mgm. pigment). 
The pigment was recovered by saturation with salt and extraction and obtained on evapora- 
tion of the dried ether solution as a sirup that could not be redissolved in ether. It was 
taken up in about 4 cc. of water and the solution filtered and eventually evaporated to dry- 
ness. The sirup was then dissolved in a few drops of water and the solution on standing for 
several days deposited a large brown crystalline aggregate of a water-soluble metabolite 
probably with a sugar-like side chain. 

M~lSi9 — The plasmas of two subjects given M-1929 contained considerable naphtho- 
quinone pigment of a more hydrophilic character than usual. Analyses of the two first-day 
plasmas by isoamyl alcohol extraction gave the values 2.7 and 5.2 mgm. per cent, "but ex- 
haustive extraction with several portions of ether resulted in the recovery of pigment 
amounting to 7.3 and 20.6 mgm. per cent, respectively. An aqueous alkaline solution of 
ether-extracted pigment (11.6 mgm. per cent, 3.7 cc.) was saturated by the addition of 1 
gram of sodium chloride and shaken with 15 cc. of isoamyl alcohol ; the aqueous layer re- 
mained red and had a colorimetric equivalent of 3.8 mgm. per cent. 

Ether extracts from urine were washed with a small portion of pH 7,1 buffer to remove 
brown material and extracted with further portions of the same buffer for recovery of 
metabolite; the greater part of the pigment is readily extracted and hence degraded. In 
one instance a solid product that slowly separated from an acidified and chilled buffer 
extract was sublimed at 120° and 0.05 mm. and crystallized twice from methanol-water. 
The substance melted at 133.5-138.5° (microscope) and was optically inactive. 

Analysis — CiiHuOs. Caiculated, C 67.54, H 6.01 
Found, " 67.41, " 6.32 

In another case the clarified ethereal solution was extracted with alkali and the alkaline 
solution was washed with four portions of ligroin to remove froth-forming material. The 
pigment was then taken into ether and the solution e.\traoted with two I50-co. portions 
of pH 7.1 buffer and each extract was acidified, heated to boiling and filtered. The crystal- 
lizates that separated on cooling were as follows: 25 mgm. fine, bright yellow needles, m.p. 
136-137°; 88 mgm., m.p. 132-134°. The melting point of synthetic 2-hydro.xy-3-(6'-carboxy- 
Ti-hexyl)-l, 4-naphthoquinone (Paper X) observed in a capillary tube on the same thermo- 
meter was 132-134°, and a mi.xture of this with the best fraction of the metabolite melted 
at 132-133.5°, solidified easily, and remelted at 132-134°. 

The methyl ester was prepared from the combined crops of metabolite with methanol and 
hydrogen chloride and a solution of the product in ether was extracted with two portions 
of pH 7.1 buffer to remove unesterified material. The recovered ester crystallized from 
slightly diluted methanol as short, flat, yellow needles, m.p. 75-77°. 



NAPHTHOQTJINONB METABOLITES 


95 


Analysis — CisHmOj. Calculated, G 68.34, H 6.37 
Found, “ 6S.34, » 6.67 

A nuxture "vnlh synthetic ester (m.p. 76.6*77.9*) roeltcd at 76-/<*. 

ilf-£87 — Two urines were processed with sirmlar results. Extraction from ether with 
sodium acetate and then with a pH 6.72 buffer removed 72 per cent of the total pigment 
and these early fractions afforded an apparently homogeneous substance that crystallized 
from methanol-water in canary yellow elongated plates melting at 165-170® (microscope) . 
^nafysis — CisH^oOs. Calculated, C 6S.34, H 6.37 
Found. “ 6S.3S. “ 6.54 

The analysis agrees with that of the expected 2-hydroxy -3-(G'-carboxj'-n-heptyl)-l, 4- 
naphthoquinone, but the melting point of synthetic acid of this structure (Paper X) is 
considerabl3" lower (13S®). Since the side chain — (CH*)iCH(CHj)C03H contains a center 
of asymmetry, the metabolite was investigated in a polarimeter and indeed found to be 
optically active, [a]? + 24® (ia®) in methanol. Attempts to racemire the substance were 
unsuccessful, and hence the identit3' remains in doubt. 


TABLE IV 

Mefobobsm of M~S7S (CjtH^Oj) crystalUzates from urinary extracts 


DAt 

TOTAI. 

KaHCOi 

TXACnoS 

u-r. 

AKAlYStS 

Foond ! 

Ciled. 

Appro r. 
fonnulA 

C 

H 

0 

c 

H 


riftn. 

•c. 

fer crr.l 

per tent 

per eent 

per eent 

Per eeni 


1 (drug) 

79 
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5.43 
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9 
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Both urines afforded the same acid and also, in the late fraction, a substance that crystal- 
lized in long 3'enow needles, m.p. 96-98®. The melting point is 14° lower than that of the 
undegraded drug and the substance gave a depression "when mixed with either the n-Ca or 
n-Oi derivative. 

34-273— *The investigation of this compound was conducted in such a vr&y as to charac- 
terize the progress of metabolic oxidation; the urine of each successive da3' was processed 
in a standard manner to give a crystallizate mixture suitable for analysis. Drug was taken 
for three da3'3 and each 24-hour urine (1200-1800 cc.) was hydrolyzed and extracted with 
a 200-cc. and a 150-cc. portion of n-butanol (the mixture is allowed to stand overnight for 
clarification of the aqueous la5'er) . The combined extract, with added ether waslungs, was 
filtered and extracted with 0.2 N alkali, the extract was washed with ether to remove 
butanol, acidified, and the pigment taken into ether. The ethereal solution was filtered 
and the pigment extracted with bicarbonate, determined colorimetrically, recovered with 
ether, and the residue boiled with successive portions of 70-90® Vigroin as long as any yellow 
color was removed (from time to time the dark tarry residue was dissolved in ether and 
the solvent evaporated). The combined ligroin extract on standing deposited a large crop 
of crystalline 3'ellow material and this was recr3’^stalUzed two or three times from methanol- 
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water and submitted to analysis (each sample appeared to consist entirely of naphthoqui- 
none derivatives) . In the case of the terminal urines the methanol solution could be diluted 
very extensively without becoming turbid. 

Titration of the seventh-day crystallizate at the glass electrode indicated the presence 
of a carboxyl group: pK*» f" •'«>“■>« = 5.70, 5.47; neut. equiv., 143, 133 (calcd. for a 
dibasic acid CiiHnOs, 158). 

The results summarized in table IV show that the eomposition of the crystallizate 
changes from day to day; the oxygen content rises from 26.6 per cent on the second day to 
31.8 per cent on the eighth day. The calculated formulas represent only averages of com- 
ponents of mixtures but they suggest that these mixtures contain Cn- and Ciz-diols, triols, 
acids, hydroxy acids and keto acids. The material excreted on the second day, when drug 
was still being taken, appears to contain three carbon atoms less than M-273. 

M-195S — Practically all the pigment extracted from urines and plasmas was found to 
be e.xtracted by a pH 6.72 buffer, which does not extract lM-1952. Extracts obtained with 
this buffer from urines of days 2, 3 and 4 (two-day drug regime) yielded crystallizates melting 
in the range 190-211°. One sample for analysis, m.p. 210-211°, corr., was crystallized from 
methanol-water; another, m.p. 209.4-210.7°, corr., was sublimed and then crystallized. 

Analysis — CjaHuOs. Calculated, C 71.42, H 4.S0 

Found, “ 71.76, 71.82; H 5.39, 5.15 

M-B68 — The total pigment obtained from a urine was extracted repeatedly from ether 
with an alkali-salt solution of such a concentration as to distribute any M-266 into the ether 
phase as sodium salt, and the early fraction recovered from the aqueous extracts was further 
processed by partial extraction from ether with a pH 8.0 buffer. The initial extracts af- 
forded a solid that crystallized slowly from dilute methanol in stout needles, m.p. 196.5- 
198°. The analysis suggests that the substance is a monohydroxy derivative. 

Analysis — CuHuOo Calculated, C 70.57, H 5.92 
Found, " 71.14, “ 5.60 

Other Compounds — The fractional buffer extraction of the urinary pigments derived from 
the administration of M-1941, M-1933, M-1S38, M-289 and M-374 yielded no crystalline 
products but afforded convincing evidence that these substances suffer very extensive 
degradation ; in each instance the greater part of the pigment could be extracted easily with 
a buffer 1-1 .5 pH units more acidic than one capable of extracting the undegraded naphtho- 
quinone. In the case of the a-alkenyl derivative M-1538 the inference from buffer fractiona- 
tion was confirmed by the observation that none of the alkaline extracts showed the purple 
color characteristic of the starting material. 

The remaining compounds listed in table I, M-1956, M-297, M-2279 and M-295, presented 
difficulties probably associated with the fact that they are of somewhat higher molecular 
weight than the other substances studied . The excretion in the urine was too low to permit 
isolation of metabolites, and fractionation with buffers in the alkaline range was found to 
be unreliable and sometimes misleading. 

SUMMARY 

A study of the metabolism of nineteen 2-hydroxy'3-alkyI-l ,4-naphthoquinones 
in human subjects has established that these substances suffer rapid and exten- 
sive degradation consisting in oxidation of the hydrocarbon side chain tvith the 
production of metabolites that are distinctly more hydrophilic than the com- 
pounds administered. Several of the metabolites were isolated and fully identi- 
fied; they are secondary alcohols, tertiary alcohols, or carboxylic acids. 
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Wendel (1) lias sliown tliat the hydroxyalkylnaphthoquinones are potent 
inhibitors of the respiration of parasitized red cells of infected ducks and that 
in vitro activities determined manometrically parallel in vivo activities. We 
installed this in vitro test method partly for the screening of new compounds’ and 
partly in order to expand the study of drug degradation reported in Paper XVIII. 
The present paper is concerned particularly with standardization of the method 
and with its use in the investigation of naphthoquinone-protein interactions. 

Method. The procedure of Wendel (1) was adopted with a few minor changes. P. 
liOphurae infection was maintained by blood transfer in 4r6 week old white Pekin ducklings 
with an amount of inoculum so chosen as to produce a parasitemia of 50-75 per cent on the 
fourth or fifth day after infection, when blood was drawn for the respiratory studies (reticu- 
looytosis generally was negligible at this time). The red cells were washed and suspended 
in a duck serum adjusted as follows: removal of carbon dioxide, addition of disodium phos- 
phate to a concentration of 0.025 M, and adjustment of the pH to 7.6 with isotonic alkali. 
The suspension was then fortified with 10 per cent glucose solution to a glucose content of 
100 mgm. per cent. When the parasitemia exceeded 70 per cent the concentration of cells 
in the suspension was adjusted to a hematocrit of 5 per cent; for infections of 60-70 per cent 
and 50-60 per cent hematocrit values of 7.5 per cent and 10 per cent, respectively, were 
maintained. No attention was paid to the relative abundance of the various forms of the 
sohizogonio cycle unless the smear showed an obvious preponderance of segmenters or small 
rings, when a higher cell content is required. The volume of respiration usually was in the 
range 250-400 cmm. per hr. 

Graded concentrations of the quinone and of the standard M-1916'were added to the 
Warburg vessels and the rate of respiration observed for one hour. A given result is ex- 
pressed in terms of the ICm value (Inhibitory Concentration), the molar concentration 
required to cause 50 per cent inhibition (1), and the relative potency is given by the ratio 
of the IC«i values. Tlus mid-point concentration was always determined by interpolation 
between points on either side of the 50 per cent line. 

Solutions of pure naphthoquinones in alcohol were found to deteriorate appreciably on 
standing for only a few days, but stock solutions in 0.001- .OOSN alkali (containing up to 
5 per cent alcohol when required) have shown no sign of deterioration over periods of a few 
weeks. The solutions in the Warburg flasks may contain as much as 0.5 per cent alcohol by 
volume, corresponding to 5 per cent of alcohol in the stock solution, but alcohol in this 
concentration is without influence on respiration. A stock solution is conveniently pre- 
pared by dissolving an accurately weighed sample of about 20 mgm. of the quinone in the 

' See Paper XVIII (This Journal) for acknowledgements to the Committee on Medical 
Research and the Rockefeller Foundation. 

’Present connection: Department of Chemistry, University of Oregon. 

* Papers XXI and XXII, submitted for publication in the Journal of Biological Chem- 
istry. 
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minimuin amount of warm ethanol (up to S per cent) in aSOO-cc. volumetric flask and adding 
from 10 to 50 co. of 0.05f\f sodium hydroxide and diluting to volume with water. 

In the typical procedure an alkaline stock solution is diluted to the desired concentration 
with isotonic saline and a 0.2-ce. portion of the test solution is added to 1.8 co. of cell sus- 
pension in the Warburg flask. However, the sodium salts of some of the compounds are 
too sparingly soluble to permit the preparation of such nearly isotonic test solutions in con- 
centrations above the 1C» level. Fortunately, the respiration of cell suspensions is not 
influenced by changes in the salt content from 0.25 to 1.96 per cent; hence in these special 
instances the stock solution was diluted with water rather than saline. 

TABLE I 


Change in acidity Wrom pH 7.6) after one hour of incubation Ul°) 
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42 
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—• 

” 
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M-2279 

.6 

75 

7.46 

5 

80 


.3 

25 

7.49 




.15 

24 

7.49 { 



Plasma 

6.26 

76 

7.51 



extract 

3.3 

74 

7.49 




1.56 

63 

7.49 




.78 

42 

7.48 




.39 

11.2 

7.48 




.195 

6.5 

7.51 



Controls 

— 

— 

7.52 




Since the introduction of the usual absorption papers caused the potassium hydroxide 
to creep from the center well despite the presence of a ring of grease, we abandoned the use 
of papers and found that then phenolphthalein solution introduced into the flasks invariably 
remained colorless during agitation for one hour. The rate of CO* absorption was satis- 
factory, and no difference in the rate of respiration of parasitized red cells could be detected 
in parallel runs with and without absorption papers. 

Wendel’s recommendation was followed to use 0.02551 phosphate buffer in the suspending 
medium to counteract acidosis; higher concentrations maintain the pH more efEcientlj' 
but depress respiration. Dr. E. G. Ball suggested the use of glycerophosphate, but we 
found this substance to have as marked a depressing action as phosphate in high concen- 
trations. At the end of a run the pH of the solution in each flask is routinely determined, 
and if there is any variation greater than 0.05 pH unit in those suspensions that are about 
50 per cent inhibited the result is discarded or held in suspicion. The change from the 
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initial pH of 7.6 is ordinarily slight and the final solutions are about 0.3-.4 pH unit more’ 
acidic than at the start of the experiment regardless of the concentrations of the cell sus- 
pensions, the percentage parasitization, or the degree of inlubition (table I). Our experi- 
ences are thus different from those of Wcndel, who observed a proportionality between 
the degree of inhibition and the drop in pH in the course of the run. 

In view of the possible deleterious effect on parasite respiration of the citrate used as 
anticoagulant of the blood drawn from infected ducks for the preparation of the cell sus- 
pensions, a cojbparison was made of the respiration and response to a naphthoquinone of 
two blood samples drawn at the same time, one into 1/9 volume of 3 per cent buffered citrate 
and the other into heparin solution (1 mgm. of heparin per 4.5 cc. of blood) . No significant 
differences were observed in the respiration per unit cell concentration either with the 
fresh samples or after they had stood in contact with the anticoagulant for two hours. 
The values found for the ICm of M-1916 in the fresh and aged pairs of bloods, respectively, 
were: 7.29, 7.32; 7.26, 7.27 X 10"’' moles per 1. 

Colorimetry — As a prelude to the investigations a series of comparisons were made to 
see whether, as expected, equimolar concentrations of the red hydroxyalkylnaphthoquinone 
sodium salts in aqueous alkali gave the same tinctorial value . Colorimetric deternunation 
of five typical compounds of widely differing molecular weight, made with a Coleman Uni- 
versal Spectrophotometer at a wavelength of 490 my, gave the following average values 
for the ratio Molarity X 10"‘/0ptical Density: M-1916, 38.3; M-1971, 37.7; M-297, 41.4; 
M-1523 , 37.7; M-1929, 38.0 (for structures, see table I of Paper XVIII). Quinones with 
the following o.xygenated side chain also showed equivalent absorption: — (CH-)jCH(CHj)- 
CO,H, 38.4; — (CHs),C(OH)(CH,),, 37.4 ;~(CHj)jC(OH)(CH,)j, 38.6;— CH,CH=C(CH,)- 
CHjOH, 38.3. However, as will be shown below, solutions of the sodium salts in isoamyl 
alcohol do not all show the same molecular equivalence in tinctorial power. 

The analytical method, however, was recognized as subject to a serious error due to the 
presence in the isoamyl alcohol extracts of variable amounts of yellow carotenoid pigment 
that absorb considerable light in the region of optimum absorption (490 mp) of the red 
naphthoquinone sodium salts. A simple corrective measure is to acidify the red isoamyl 
alcohol extract and make a second reading of the color density. The yellow acidic form 
of the hydroxynaphthoquinone has only about 1.3 per cent the absorptive power of the 
red salt and the absorption is distinctly less than that of the yellow plasma pigment for 
which correction is to be made. In the working range of concentration where the red salt 
IS accurately determinable the small color density of the yellow form is proportional to 
the concentration. Thus the true concentration of naphthoquinone pigment can be de- 
termined from the difference in color density before and after acidification. The determina- 
tion can be done either with the use of a calibration curve showing the difference in absorp- 
tion by the red and yellow forms or by applying a factor (k) relating the difference in optical 
density of the red and yellow forms in an isoamyl alcohol extract to the molar concentration 
in an aqueous (or plasms) solution analyzed. 

Ptasmo Analysts: Isoamyl Alcohol Method — Richardson (2) in one early procedure ex- 
tracted the plasma sample with ether and extracted the pigment from the ethereal solution 
with alkali, Brodie (2) achieved a concentration of the color by extracting the red sodium 
salt from the alkaline solution into a small volume of isoamyl alcohol. The research group 
at the Massachusetts General Hospital (2) then found that when the original plasma sample 
is shaken with isoamyl alcohol and sodium hydroxide-sodium chloride the red sodium salt 
IS extracted efficiently into the organic phase and can be determined directly after clarifica- 
tion of the solution with a few drops of ethanol. We investigated this method further and 
established in trials with solutions of known amounts of pure drugs in plasma that no large 
excess of sodium hydroxide-sodium chloride is required to insure complete extraction. 
With the use of a standard amount of ethanol for clarification, the color density for the 
extract is proportional to the molar concentration of drug in the aqueous (or plasma) solu- 
tion analyzed. 
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Molar ooncn. in aqueous solution = k (Densityr,d — DensityrsUo*)- The factor can 
be determined by applying the standard extraction procedure given below to three or four 
dilutions of an aqueous alkaline stock solution and determining the optical densities before 
and after acidification of the extract. Values found for the factor k on this basis are as 
follows: 


Compound 

i X10-* 

M-1916 

87.3 

M-2309 

94.8 

M-266 

94.7 

M-2301 

111.7 

M-2350 

109.8 


No e-xplanation can be advanced for the fact that the substances do not show molecular 
equivalence in color density in isoamyl alcohol as they do in aqueous alkali. 

Since the yellow form of the naphthoquinone absorbs so very little light at 490 nm m 
comparison to the carotenoid pigments, the amount of natural yellow pigment in the plasms 
can be expressed with fair approximation as the milligram equivalents of the naphthoquin- 
one in question corresponding to the total color density and the yellow solution. In 
some instances plasma pigments have been encountered amounting to as much as 2.5 mgm. 
per cent expressed as M'1916. An alternate method of correction tried was to discharge 
the red color of the isoamyl alcohol extract by shaking it with aqueous hydrosulfite. The 
reducing agent does not alter the color density due to native pigments in extracts of control 
plasma, but we were unable to find a techmqne for preventing air oxidation during the proc- 
ess of clarifying the solution. It was later observed that the red color of an isoamyl alcohol 
extract can be discharged rapidly and permanently by the addition of a drop of sodium 
hypochlorite solution, but the application to analysis has not been explored. 

Procedure for Plasma Analysis — A 3.0-cc. portion of plasma is shaken gently for ten 
minutes with 5.0 cc. of isoamyl alcohol and 3 cc. of 1 N sodium hydroxide in half-saturated 
sodium chloride solution: after centrifugation to break the emulsion, 3.0 cc. of the extract 
is removed and diluted with 1.0 cc. of absolute ethanol and the color density determined. 
Two drops of glacial acetic acid are added to discharge the red color, the color density is 
determined, and the molar concentration of drug in the original plasma is obtained by 
applying an appropriate factor. 

In a test of the procedure 10.0 cc. of an alkaline stock solution containing 5.36 mgm. per 
cent of M-2279 was acidified and extracted with ether, the solvent was evaporated, and the 
residue shaken with 10.0 cc. of human plasma at 41° for one and one-half hours. The result- 
ing clear red solution was analyzed with the following results : M-2279 calcd., 5.16 mgm. per 
cent; found : 4.84 mgm. per cent (94 per cent recovery) ; plasms pigments: 1.5 mgm. per cent 
as M-2279. 

Preparation of Plasma Extracts for Respiratory Study — ^Although isoamyl alcohol ex- 
tracts naphthoquinones (other than carboxylic acid derivatives) very efficiently from al- 
kalinized plasma, no satisfactory way has been found for recovering the pigment from the 
extract in a form suitable for the Warburg determinations. Considerable experience has 
been accumulated on the extraction of pigments from acidified plasma with ether in the 
course of the isolation studies, and careful trials of ether extraction have been made with 
plasmas containing known amounts of pure drug. The general conclusion reached is that 
the method is unreliable. The pigments present in plasma following the administration 
of a drug that suffers extensive degradation to more hydrophilic products can be extracted 
easily, and at least fairly completely, by ether; the degraded pigments are also readily 
extractable from ether by alkali. Some pure, undegraded drugs are also rather readily 
extractable, particularly those of low molecular weight. However, compounds of the na- 
ture of the isomers M-297 and M-2279 (mol. wt. 352.5) are not extracted completely, or even 
nearly so, by a practical number of ether extractions. Furthermore, these and other highly 
hydrophobic compounds cannot be ex-tracted satisfactorily from ether with alkali. 

Satisfactory results were obtained, however, by precipitating plasma proteins with four 
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volumes of absolute alcohol and waahinE the precipitate by centrifugation with two or three 
successive portions of alcohol until the pigment was all removed. The extract is evaporated 
carefully to compUle dryness (see below) in vacuum at 40-50° and the residue is tahcn up 
inaknownvolumeof iBOtonicBalinecontaining0.002moleperl. of sodium hydroxide. The 
resulting pink or red solution usually is too cloudy for direct colorimetric determination 
of the pigment and hence a portion is submitted to analysis by extraction with isoamyl 
alcohol after addition of an equal volume of IN sodium hydroxide in half-saturated saline. 
Other portions can then be used directly in determinations of the antirespiratory potency. 
In a test comparison a plasma containing degraded M-2270 was analyzed directly and after 
the alcohol precipitation process just described. The results indicate satisfactory agree- 
ment: 

Pigment fonnd (as ragm. per cent of M-22J9) 

Naphlhoquitwne flama Piitn*nt 

Direct isoamyl alcohol analysis 5.10 1.40 

Alcohol precipitation 4.87 1.91 

A trial was made to see if the antirespiratory activity of a pure drug would remmn 
unaltered in the process of solution in normal human plasma and recovery by alcohol pre- 
cipitation. Surprisingly, increased activity was observed in several instances and yet ex- 
traction of the untreated plasma by the same process gave no antirespiratory material. 
Even aqueous solutions of pure drug when processed in the same way gave extracts of in- 
creased potency. Then it was found that the trouble lay in the failure to evaporate the 
extract to complete dryness. When this was done the activity of the extracted material 
was the same as that of the pure drug. 

Results. Protein Binding — ^The difficulty encountered in the ether extrac- 
tion of naphthoquinone pigments from plasmas following oral administration 
prompted the following exploratory study of the protein complexes that seem to 
be only partly split by acids but from which the drug is easily freed by brief 
treatment with cold alkali in the presence of isoamyl alcohol. In one trial a 
plasma from a polycythemic patient given M-1971 was dialyzed against running 
tap water at 12-15° in a cellophane bag for sixty hours and then extracted and 
analyzed; the analysis was the same as that of the undialyzed plasma. A test 
with the pure drug showed that the substance diffuses completely on dialysis 
from alkali against tap water. In another trial pure M-1971 was agitated with 
normal plasma in an atmosphere of 5 per cent carbon dioxide and then cen- 
trifuged. A rich red solution was obtained showing on analysis the very high 
level of 116 mgm. per cent of drug. Dialysis of this drug-rich plasma for sixty 
hours was attended with no diffusion. 

An investigation was then made of the interaction of M-1971 with fractions 
of human plasma proteins kindly supplied by Dr. E. J. Cohn (3). Each fraction 
was dissolved in phosphate buffer at about pH 7 in concentrations roughly com- 
parable to those at which the fractions occur in normal human plasma. Excess 
solid drug was added, the suspensions were shaken at 37° for twenty hours, and 
after filtration the pH was determined and an aliquot was analyzed for naphtho- 
quinone pigment by the isoamyl alcohol method. The record of the results in 
table II indicates both the actual naphthoquinone concentrations and the solu- 
Mlities expressed as the amount of the pigment taken up per milligram of protein. 
Traction V, consisting of almost pure albumin, has decidedly greater dissolving 
power than any of the other fractions; it dissolves 75 per cent of the total drug 
taken up by the five separate fractions, but only 35 per cent of that dissolved by 
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normal human plasma. The experiment ■with crystalline human serum albumin 
shows that the high solvent power of fraction V is indeed due to albumin itself 
and not to small amounts of other proteins. 

Three entries in the table refer to experiments made by dissolving fraction 
V or crystalline albumm in distilled water rather than in a buffer. The nearly 
isoelectric solutions are about two pH units more acidic than the others and the 
amount of drug dissolved is distinctly less. These solutions, of pH 4.6-4.9, are 
red, like M-1971 anion, and yet M-1971 has an acidity constant estimated as 
pK 5 . 5 .* At the suggestion of Dr. E. G. Ball, a colorimetric determination of 


TABLE II 

Solubility of M-1871 in protein solutions 
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0 
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0.38 
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Fraction I (fibrinogen) 

0.45 

6.8 

2.6 

5 

20 

100 (60 hrs.) 

Fraction II (globulins) 

1.0 

6'.3 

0.19 

0.19 

15 



1,0 

7.16 

0 

0 

20 



1.0 

7.95 

1.35 

1.3 
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Fraction II III 

1.6 

7.05 

11.3 

7 

20 

49] 

Fraction IV (lipoproteins) 

1.0 

6.95 

11.6 

11 

20 

60 hrs. 

Fraction V (albumin) 

3.0 

6.9 

69.4 

23 

20 


(3.0) 

4.6* 

(22.9) 

(7.6) 

15 

o) 


(6.0) 

4.6* 

(36.5) 

(6.1) 

3 


Cryst. human albumin 

3.0 

6.9 

55.3 

18 

15 



(3.0) 

4.95* 

(21.3) 

(7) 

15 


Human plasma 

6 


196 

33 

17 

35 ] 

Monkey plasma 

? 


142 


17 

40 >■ 144 hrs. 

Duck plasma 

? 


122 


17 

6.8) 


* Solution not buffered. 


the fraction V-naphthoquinone complex was made by adding portions of dilute 
hydrochloric acid to the isoelectric albumin solution until a point was reached 
where the color of the pigment matched the color observed on looking through 
two absorption cells, one behind the other, of which one contained an alkaline 
solution of M-1971 and the second an acidic solution of M-1971 in SO per cent 
acetone, each at half the concentration of the albumin solution. The pH at 
this point of color equality was found to be 3.9, and hence this is the apparent 
pK of the naphthoquinone prosthetic group in the complex. The substance is 
thus 1.6 pK units more acidic (apparent acidity) when bormd to the protein 
than when in the free state. The absorption spectrum of the protein-bound 

* From the data of Paper I and the following colorimetric determinations of pK in 50 
per cent acetone; M-lOTl, 6.8; lapachol and hydrolapachol, 6.2. 









NAPHTHOQOTNONE-PROTEIN INTERACTIONS 


103 


anion does not differ appreciably from that of the free anion. The albumin 
solution that had been acidified to the point of color equivalence in the pK 
determination deposited no solid on standing for a time. However, when it was 
acidified to pH 3,0 the red color disappeared and M-1971 was slowly deposited 
in the form of fine yellow crystals. When this suspension was dialyzed against 
distilled water the mineral acid apparently was removed, for the quinone redis- 
solved to produce a red solution. 

Experiments with 2,3-dimethylnaphthoquinone and with 2-methoxy-3-7- 
cyclohexylpropyl-1, 4-naphthoquinone failed to reveal any comparable tendency 
to form stable complexes with albumin. The methoxy compound simulates 
solubility by forming fairly stable suspensions, but these are turbid like chyle, 
whereas typical hydroxyalkylnaphthoquinone-protein solutions are optically 
clear except for the Tyndall effect of the protein. 

The dialysis experiments recorded in the last column of table II show that 
the naphthoquinone drug is held more firmly by albumin than by the other 
fractions and diffuses through the membrane into tap water to only a minor ex- 
tent. An experiment was made to see if M-1971 would diffuse through a mem- 
brane from one albumin solution to another, but after shaking at room tempera- 
ture for thirty-six hours the concentrations of the original solution and that 
surrounding the membrane bag were 50,0 and 0.86 mgm. per cent respectively. 

The last three entries in table II represent a comparative experiment made 
to see if any differences could be detected in the interaction of drug with human, 
monkey, and duck plasma that might be related to differences noted in both the 
antimalarial and antirespiratory activities of the naphthoquinone drugs. The 
results of both the solubility and the dialysis experiments suggest that the drug- 
binding power of the three plasmas are in this order: human > monkey > duck. 
Thus a greater firmness of binding to plasma proteins may be one factor account- 
ing for the greater antimalarial effectiveness of substances like M-1971 in ducks 
than in humans. 

Two observations have been made concerning the distribution of naphtho- 
quinones between proteinoid fluids of the human body. In the course of one of 
the studies of drug metabolism, Dr. A. M. Seligman had an opportunity to ob- 
serve a possible diffusion of drug into the cerebrospinal fluid. A young male 
epileptic had been given 2 grams of M-297 per day for three days (case 44), and 
on the eighth day the plasma levels observed before and after withdrawal of 
spmal fluid for a pneumoencephalogram were 9.4 and 8.4 mgm. per cent, re- 
spectively. The spinal fluid showed no trace of the vivid pink coloration of the 
plasma samples and hence it is concluded that no drug had diffused into this 
fluid. Davis (4r-7) observed that sulfa drugs diffuse into the cerebrospinal fluid 
only to the extent to which they are present in plasma in the free condition and 
not bound to protein, particularly to albumin (8). 

The second observation is that little if any naphthoquinone diffuses from the 
plasma into the red blood cells. A 13.0-cc. sample of heparinized human blood 
had a hematocrit value of 46 per cent red cells and hence contained 6.96 cc. of 
plasma; 5.0 cc. of the plasma was shaken with M-1971 at 37° for forty-five min- 
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utes in an atmosphere of 95 per cent oxygen and 5 per cent carbon dioxide, and 
analysis of an aliquot indicated a drug concentration of 85.8 mgm. per cent. 
A 2.5-cc. portion of this drug plasma was added to the red cells and residual 
plasma and the suspension was agitated for forty-five minutes under the same 
conditions of atmosphere and temperature as before. Plasma and red cells were 
then separated and the plasma was analyzed. The calculated concentration 
before equilibration with the red cells is 48.2 mgm. per cent; the concentration 
found after equilibration was 50.4 mgm. per cent, and hence there is no indication 
that any drug was taken up by the erythrocytes. A similar experiment with 
the blood of monkeys infected with P. knowlesi was likewise negative. 

Protein Antagonism to Drug Action — The first observation of an antagonistic 
effect of plasma proteins was made in the course of the studies of the succinate 
oxidase system (July, 1944, Paper XXI). A trial was made to see whether the 
determination of antirespiratory activity could be made directly with a sample 
of plasma containing naphthoquinone rather than with an extract. Neither the 
plasma pigment nor the pure naphthoquinone ejdfibited any succinate oxidase 
activity in the presence of human plasma at the concentrations effective in the 
absence of added protein. Exploratory studies of the magnitude of the protein 
effect indicated that human and monkey plasma are about comparable in an- 
tagonistic power, whereas duck plasma is only about one-sixth as effective. The 
albumin fraction V was found distinctly more powerful than any of the other 
fractions of human plasma or than hemoglobin. Wendel (1) soon found that 
proteins likewise depress the inhibitoiy action of the naphthoquinones on the 
respiration of parasitized erythrocytes and he has since made extensive studies 
of the general phenomenon and of the relative susceptibilities of different mem- 
bers of the series. The observations to be reported here pertain largely to com- 
pounds not included in Wendel’s experiments. 

Two comparisons were made of the ICjo values found for M-1916 with suspen- 
sions of parasitized duck erythrocytes in normal duck serum and in normal 
chicken serum, respectively, with the following results: 

f (a) 26.2/120 = 0.22= 

ICso (duckl/lCjo (chicken) = •( 

1(b) 9.8/110 = .09 

From this it appears that the antirespiratory activity of M-1916 is only jftr to i 
as great in chicken as in duck serum. The difference in protein antagonism may 
account for the marked disparity in the dosages of naphthoquinones required to 
produce a given response in infected ducks and chickens indicated in table III. 
The entries in Column B were calculated by the method described in Paper II 
from the results of assays conducted by Coatney against P. gallinaceum in 
chickens (2). Standardization assays gave the following EDss values for quinine 
base' administered in two doses per day; (20), 16.6, 17.0, 16.6, 17.1, 17.0, 20.0; 

‘ In this run the control flasks containing chicken serum respired 32 per cent faster 
than those made up with duek serum ; in the other run the respiration differed by only 8 per 
cent. 
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av. = 17.4 mgm.Agm-/dose. The average dose of quinine required to produce 
a 95 per cent reduction in parasitemia is equivalent to 58.8 mgm./kgm./day of 
quimne bisulfate, which is very close to Richardson’s average value for assays 
against P, lophurac in ducks (2) : KDssQ = 17.35 X 3 = 52.05 mgm./kgm./ day 
of quinine bisulfate. The order of relative activitj'’ of the eight naphtho- 
quinones listed in table III is much the same in the two sets of assays, but, 
whereas nearly the same amount of quinine is required to produce a comparable 
response against the two species of plasmodia in the two test birds, the average 
effective dose of naphthoquinone per kgm. per day in the duck test is only 16 
per cent that required in the chick test. The difference cannot be due to a differ- 
ence in efficiency of absorption from the gut, for naphthoquinones give rise to 

T.ABLE III 

Comparison of assays tn duels and in chiclcns 
EDaSe 


(Effective dose required to produce a 95% reduction in parasitemia, corrected to the 
standard: 3 X 17 35 mgm /kgm./day of quinine biaulfate) 


COitPOCKD. il- 

A. 

P, lopkuTM (ducks) 

P. geJItna^eurt (csacstss) 

a/b 

2279 

3.5 

27.2, 

0.13 

285 

4.4 

22 1 

.20 

380 

6.7 

77 

.09 

297 

8.6 

31.6 

.27 

1971 

11.4 

112 

10 

1929 

16.1 

171 

.09 

1916 

21.4 

158 

,13 

1523 

68 

(221) 

.30 

Average ... 

0.16 


distmctly higher blood levels in chickens than in ducks, and hence may be attrib- 
uted to the demonstrated greater antagonistic action of chicken plasma pro- 
teins. 

For the purposes of our specific project in chemotherapy it was particularly 
desirable to obtain data on the relative activities in duck and human plasma of 
members of the naphthoquinone series that in other respects have appeared prom- 
ising, for with this information it should be possible to judge which of a group 
of compoimds of high antimalarial activity against P. lophurae in ducks are the 
most likely to exhibit high activity in man. Human plasma proteins have such 
a powerful antagonistic effect that high concentrations of drug have to be used 
m the determination of ICto. Since it was desirable not to exclude sparingly 
soluble compounds from the study, and because we planned to investigate the 
protem susceptibility of plasma extracts that would be available in only very 
small amounts, we adopted a test procedure in which the ICsj of a compound in 
duck serum is compared with that in a medium consisting of duck serum con- 
tammg a fixed proportion (16 per cent) of human serum. In the more recent 
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experiments the ICjo for M-1916 is determined at the same time in the two media 
and the results expressed as the susceptibility to the human protein relative to 
that of M-1916. Table IV pves the protocol of a typical experiment, and table 

TABLE IV 


Procedure for determining relative human-protein antagonism 


CONTROL 

I 3 TIASKS 

S TLASCS 

3 FLASKS 

3 FLASU 

1.5 CO. parasite suspension in duck serum 

0.2 cc. saline j 

0.2 cc. of graded 
concentrations 
of M-1916 

0.2 cc. of graded 
concentrations of j 
subject drug 

0.2 cc. of graded 
concentrations 
of M-1916 

0.2 cc. of graded 
concentrations of 
subject drug 

0.3 ce. adjusted duck serum 

! 0.3 cc. adjusted human flerum 


duck 

ICto M-1916 
(a) 

duck 

ICso Subj. drug 
(b) 

[ human 

ICso M-1916 
(c) 

human 

ICso Subj. drug 
(d) 


Calculation: Human-protein antagonism = 

c/a 


TABLE V 


Relative susceplibilitg to human-protein antagonism compared toUh that to duck-protein 



sroc CHAIN ^ 

bomae 

ICu 

A, for M-19J6 

/ (fuek 
/iCu 

B, for »ub5. 
drus 

aWAN-PRO- 
Tzm ANTAGO- 
NtSK B/A 

2293 

-trans -4-Cyclohexyl cyclohexyl 

5.4 

1.08 

0.2 

2289 

-CH,CH,C.H.Cl-p 

8.1 

2.0 

.25 

2309 

-CHiCHtCHjCaHiOCeHs'p 

6.1 

26.4 

4,3 



10.5 

47 

4.5 



8.0 

27.4 

3.4 

2243 

-(CH,),C(OH)(C4H,-n). 

7.6 

15.5 

2.0 

2350 

-(CH.),C(OH)(CoH„-n), 

9.1 

20.7 

2.3 



5.3 

7.2 

1.4 



6.7 

13.6 

2.0 



6.4 

12.8 

2.0 

286 

-Cyclohexyl 

i 7.6 

4.04 

i 0.53 

2328 

-cis-/S-DecaIyl 


2.3 

' .3* 

1916 

-(CHt)s-Cyclohexyl (standardization) 

I 8.2, 7.3 


1.0 

Average. 

! 7.4 




• Calculated with use of the average value of A. 


V summarizes the results. The ratios reported in the last colunm give a measure 
of the susceptibility, relative to M-1916, to antagonism in a medium containing 
16 per cent human serum as compared to that in pure duck serum. The thirteen 
separate determinations of the ratio of ICio values for M-1916 show that the 
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results are fairly reproducible. The data for the seven compounds studied 
illustrate a point that has been demonstrated more fully by Wendel, namely 
that the ratio of susceptibility to hiunan and duck plasma protein is by no means 
constant for the naphthoquinone series. Thus the extreme variation in the 
ratio B/A is from 0.2 to 4.5, or 1: 22.5. In order to produce 50 per cent inhibition 
in the mixed semm, M-1916 must be taken in 7.4 times the concentration re- 
quired in pure duck serum, and Wendel finds that a 25-fold increase in concentra- 
'tion is required in a cell suspension in pure human serum. Thus the standard 
drug is Bubiect to considerable human-protein antagonism, but some of the com- 
pounds listed in table V are still more susceptible. M-2293, with a ratio of 0.2, 

TABLE VI 

Ejffecl of human serum on ihe antirespiralory power of M-SSS6 


(1.5 cc. cell suspension in pure duck serum, 0.2 cc. drug solution, 0.3 cc. adjusted duck 
serum or adjusted human serum). 


snxrtf 

C01«IKTSATJ0H 

IKHIBITIOM 

la. X i(r> 

AM916 \ 

M.2336 I 



wgm. per liter j 

per cent 

moles per liter 




62.1 

21.7 


.4 


i 23.2 


Duck 

.2 


10.6 




11.7 

62.3 

225 



2.9 

28.5 


Human-Duck 


187 

71.4 

1080 



93.5 

71.6 




46.7 

69.6 




23.4 

1.8 




11.7 

0 




5.8 

0 



is less subject to antagonism by human plasma proteins than any other com- 
pound studied; it shows about the same activity in the presence of human and 
duck sera. 

Table VI reports a study of the human-protein susceptibility of M-2336, the 
4'-hydroxy derivative of M-1916 identical with one of the two isolated products 
of metabolism. The value found for ICso*‘“°*°/ICjo'*”* is 4.8, and the ratio of this 
to the average value for M-1916 is B/A = 0.65. Thus this metabolite has 
rather favorable characteristics with respect to human-protein susceptibility, 
and this may have contributed to the mild therapeutic action of M-1916. A 
peculiarity is discernible in the dosage-response relation^p for M-2335 ©ven 
in the last section of table VI. Whereas ordinarily a doubling of the dose 
causes a two- or three-fold increase in inhibition, an increase from 23.4 to 46.7 
mgm./l. here caused a forty-fold increase. 

N alure of Drug Action — The antagonistic power of human serum was utilized 
in an experiment designed to determine whether the inhibition of respiration is 
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reversible (table VII). Graded concentrations of M-1916 were added to three 
series (A, B, C) of Warburg vessels containing a parasitized cell suspension in 
duck serum. To Series A human serum was added and mi.ved with the suspen- 
sion. Series B and C contained an equal amount of human serum in the side 
vessel of the Warburg flasks and the flasks were inverted after 60 and 120 minutes, 
respectively. The concentrations were so chosen that all the suspensions in 
Series B and C were completely inhibited before inversion. Thus the cells in 
Series B were exposed for one hour to high concentrations of M-1916, after which 
the inhibition was weakened by addition of human serum, and a dose-response 
curve was obtained that did not differ markedly from the curve pertaining to 
Series A during the second hour. However, when the human serum was mixed 
with the cell suspension in Series C, which had been exposed for two hours to high 

TABLE VII 


Effect of the addition of human serum on the respiration of cell suspensions in duck serum 
maximally inhibited by M-1916 


SEXIES ! 

mruAK scBUU apoeo 

1st sotrs 

2ni> eoux 

3V} EOUK 

ICio , 

I 

Rel. 1 

potency j 

ICto 1 
(l(r»M) 

Rel. 1 
potency | 

ICfO 
ao-» M) 

Rel. 

potency 

! 

None 

11.9 

1.0 ! 

1 

9.7 

1 

1.0 

7.7 

1.0 

A 

At start 

119 

0.1 

78 

■Sa 

62.0 

0.12 

B 

In 60 min. 



61 


42.5 

.18 

C 1 

In 120 min. 

1 



■■ 

32.5 

.24 

Final pH in all drug flasks: 7.31-7.40 

HHI 


1st 45 ums. 1 

2NP 45 UIKS. 



■I 

None 

11.8 

1.0 

9.0 

1.0 




At start 

101 

0.12 

52 1 

0.17 



B' 

In 45 min. 


i 

47 1 

,19 




Final pH in all drug flasks : 7.21-7.32 


concentrations of M-1916, respiration remained low compared with the respira- 
tion during the third hour of the cells in Series A and B. The parasites recover 
fairly well after exposure to drug for one hour but seem to be more seriously 
affected on exposure for two hours. The observation provides some indication 
that the lethal action of naphthoquinone drup on trophozoites may, indeed, 
be associated with the impairment of parasite respiration. 

Effect of Various Additives — ^Preliminary experiments seemed to indicate a 
synergistic or antagonistic relation between naphthoqhinone drup and com- 
pounds of the nature of the degradation products isolated from biological fluids. 
To confirm or disprove these experiments, we measured the antirespiratoiy power 
of a number of equimolar mixtures prepared from an active naphthoquinone drug 
and a compound of the type of the metabolites isolated; i.e. having the side chain 
— (CHi)sC(OH)(CHj)s (M-2231) or — CH!CHjCH2CH(CH3)COOH ("Quinone 
Acid”). In one case a solution of M-2279 was mixed with an equimolar solution 
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of quinone pigments extracted from the plasma of a patient recemng M-2279. 
The results are given in table ITII. The ICso value A refers to the antirespira- 
tory power of the pure drug; B is the concentration at which the same drug 
produced 50 per cent inhibition in the presence of an equimolar amount of a 


TABLE VIII 

Effect of added quinonea on the ICii, of M-i9i6 or M-SB79 


Ditrc 

SOTStAKCn ADDED 

ICi, (lO-r Jil) 

lATIO a/D 


B 

Mixture 





A 

Dnig 

Ctlcd. 

Found 

M-1916 

M-2231 

19.8 



2.0 



21.6 



2.7 



7.1 



1.4 



11.5 


mSSM 

1.1 



15.0 

11.0 


1.4 



12.2 

9.8 


1.3 



19.3 

16.7 


1.2 



24.0 

16.2 


1.5 

M-11279 


3.7 

9.3 

BSH 

0.4 



3.3 

8.3 


.4 



5.1 

5.9 

1.05 

.9 



2.6 

3.4 

1.05 


M-1916 

Quinone acid 

19.3 

23.0 

1.0 

WKM 



24.0 

19.8 

1.0 

BIB 

M.2279 


8.3 

5.6 

1.0 

IB 

, M-2279 

Naphthoquinone 

10.0 

6.3 

■Bi 



plaama pigments after 
drug administration 



■1 

m 


TABLE IX 


Failure of vitamin Ki, carotene, or quinine to influence respiration or inhibition by M-1916 
of duck erythrocytes infected with P. loplmrae 


ADDED SOBSTAKCE 
CONCENTEATIO^l 

! 

KOUE 

, CAS.O> 
TENE, 9 
UCU./E. 

VITAUZ^f X: 

1 QrnNJNE HYDKOCStOEIDE 

j None 

IT.9 1 
mpn./l.j 

35.7 1 
ncm./I. 

None 

j 1D~« 

icr* ' 

ICr* 

Respiration, cmm./hr ' 

IC^lO-'M ' 

270.5 
19.7 ' 

265 ' 

18.6 ' 

m 

mm 

296 ' 
6.0 

294 

1 

232 

11 .1' 

D 

209 

1 

213 


pven added substance. The relative antirespiratoiy power of each of the three 
added substances is known, and thus calculation can be made of the activity the 
mixture should have if there were no syner^sm or antagonism. As the table 
shows, the ratio A/B does not deviate from the calculated value in a systematic 
or reproducible way. 

We also studied carotene, vitamin Ki (as colloidal solutions in saline), and 
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quinine for possible synergistic or antagonistic effect on quinones. The results 
appear in table IX; no effect was observed. ' 

Another experiment (table X) was made to see if a bile acid might tend to break 
up the drug-protein complex and release more substance for drug action. At a 
concentration as high as 780 mgm./l. sodium glycocholate has little effect on cell 
respiration or on the antirespiratory power of M-1916 (a), and has only a slight 
effect in relieving antagonism by human plasma proteins (b). 


TABLE X 


Effect of sodium glycocholate 
(a) On the respiration in pure duck serum 


SEsrniATioM m ant./ai. at the tollowjhb cojtceotiajiows or aodiixvi: (kku.A-)! 


M-1916 



0 

7800 

7S0 

78 

0 

201 

40 

172 

198 

0.8 


29 

73 

76 

.4 


31 

126 

129 

.2 


30 

146 

143 


(b) On the human-protein antagonism to M-1916 (1.5 cc. of cell suspension in duck serum 
4-0.3 CO. of human serum) 


Per cent inhibition 



DUCT SEBOU 

aUSCAK-DUCE SEBUV 

Ktnuctf‘X>v(X stsxnt + 

780 1CCU./L. ADDITTVE 





6.4 


68 


3.2 


53 


1.6 


1 34 


0.8 

65.6 


76 

.4 

54.2 


67 

.2 

31.3 


53 

IC.o(10~rM) 

11.7 

95.0 

46.0 


SUMMARY 

1. Satisfactoiy methods have been foimd for the accurate assay of naphtho- 
quinone pigment in plasma samples and for the preparation of plasma extracts 
(alcohol) suitable for respiratory study. 

2. Difficulties encountered in ether extraction are attributable to the binding 
of naphthoquinone to protein, Ejqiloratory dialysis and solubility experiments 
show that the compoimds are boxmd particularly to albumin; a typical naphtho- 
quinone-albumin complex has an apparent acidity about 1.6 pK units lower than 
that of the free naphthoquinone. The drug-binding power of three plasmas, as 
judged by dialysis experiments, is in the order: human > monkey > duck. 
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3. Little if any naphthoquinone diffuses from the plasma into the red blood 
cells. 

4. Protein antagonism to drug action as measured by the depression of the 
inhibitory action of naphthoquinones on the respiration of parasitized erythro- 
cytes, decreases in the order: human serum > chicken serum > duck serum; the 
difference in protein antagonism between chicken and duck plasma may account 
for marked differences noted in the antimalarial potency of naphthoquinones in 
these species. 

5. Susceptibility to human-protein antagonism varies markedly from com- 
pound to compound, and the characterization of naphthoquinones with respect 
to this factor affords a further criterion for the laboratory evaluation of their 
promise in therapy. 

"We wish to thank Sally S. Shy and Shirley R. Katz for technical assistance in 
the respiration studies. We are indebted to W. B. Wendel for helping us acquire 
the technique of his test method and to Dr. L. R. Cleveland and Dr. W. 0. 
Negerbon and the Harvard Biological Laboratories for facilities and assistance in 
the maintenance of a duck colony. 
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The isolation and chemical characterization of degradation products of naph- 
thoquinone antimalarials administered to human subjects (Paper XVIII) has 
established the nature of the metabolic processes resulting in drug deactivation 
and has provided a clue to the development of improved drugs that is the chief 
subject of the present investigation of the rate and extent of metabolic deactiva- 
tion by determination of the antirespiratory activity of plasma pigment. The 
present method is applicable also to interesting members of the series not easily 
studied by the previous method because of limited urinary excretion of metab- 
olites. 

The key to the advancement of the problem is that M-I9I6, which is only one 
of the more moderately potent members of the series against avian malarial in- 
fections,’ exhibited a positive though temporary therapeutic effect in man (1) 



M-1916 (SN-5090) M-2336 


that seems attributable to the action of two alcoholic metabolites that retain 
8-10 per cent of the antirespiratory activity of M-1916 and that persist in the 
blood for long periods. The observation suggested that a synthetic naphtho- 
quinone with an already hydroxylated side chain might be more resistant to 
metabolic alteration than the compounds with hydrocarbon side chains. The 
introduction of a hydroxyl group into the parent compounds with Cs-Cis side 
chains is attended -with a marked drop in activity. A study of the relative dis- 
tribution characteristics (Paper XV) showed that for optimum antimalarial 
activity a certain balance between lipophilic and hydrophilic character is re- 

^ See Paper XVIII (This Journal) for acknowledgements to the Committee on Medical 
Research and the Rockefeller Foundation. 

’Present connection: Department of Chemistry, University of Oregon. 

’ The results of assays against P. lophurae in ducks (A. P. Richardson, ref. 1) are ex- 
pressed in terms of the Effective Dose in milligrams per kilogram (three doses per day) 
required to produce a 95% reduction in parasitemia; administration was oral except as 
noted. 
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quired and that hydroxylation of the side chain is attended with a very marked 
hydrophilic displacement. A compensating shift in the opposite direction can be 
achieved by an increase in the size of the hydrocarbon side chain. These con- 
siderations prompted the synthesis of compounds of a new type, of which M-2350 
is the most promising present example. This substance, with a hydroxylated 




0 

A, 



iCHjCH.CHjCHs CH.CHjCHsCH.C 


/ 


CH.CHjCHsCH.CHa 


'OH 


OHCHiCHoCHjGHiCHa 


0 EDss 4.2 i.m. 
M-2350 


Cjj-side chain, has the proper distribution characteristics and it shows high 
potency in duck assays on intramuscular admiiristration, though not when given 
orally. The chief purpose of the present investigation was to explore the rate 
and extent of drug degradation of already documented compounds and to eval- 
uate M-2350 by comparison of its performance. The results have been suffi- 
ciently encouraging to warrant initiation of a clinical trial for curative action at 
the Medical School of the American University in Beirut. 


Method. Observations by Wendel (2) and by us (Paper XXII) have established the 
validity of accepting activity in the inhibition of respiration of parasitized erythrocytes 
of ducks (P. lophurae) as a reliable measure of antimalarial activity. Hence the course 
of drug degradation in human aubjects was followed by determination of tbe antirespiratory 
activity per colorimetric equivalent of naphthoquinone pigment extracted from plasma 
samples by alcohol precipitation of proteins. The activity is expressed as the percentage 
of the activity of the compound administered, redetermined each time in a parallel run. 
The colorimetric assays are ail corrected for native plasma pigment. 

In most of the experiments a solution for intravenous administration was prepared by 
dissolving 0.6-1 gram of naphthoquinone and 200 mgm. of sodium hydroxide in 20-50 cc. of 
alcohol and SO-100 co. of saline and diluting the red solution with 1400 cc. of saline and 
100 cc. of 25 per cent salt-free human albumin solution. An improved procedure later 
developed for M-2350 is as follows; 2 grams of M-2350 is dissolved in 50 cc. of alcohol and 
the solution is added all at once with agitation to a solution of 1 .2 grams of sodium carbonate 
(Na,COj'HiO) and 200 cc. of 6 per cent Knox pyrogen-free gelatin solution (pH 7.4) in 
1500 cc. of physiological saline; the red colloidal solution is at once autoclaved for 20 min- 
utM. No toxic reactions or changes in blood NPN or blood counts were seen in patients re- 
ceiving this solution intravenously. The injection usually was accomplished in periods 
of from one and one-halt to two and one-half hours; blood samples were drawn for analysis 
at the indicated times subsequent to the completion of the injection. 

Restots. The results of the study of the rate and extent of metabolic de- 
activation of seven naphthoquinones are recorded in table I. The results for 
M-1916 confirm, and supplement the findings cited above. The substance is 
completely degraded nithin about four hours to material possessing one-tenth 
the original activity and this material is retained in the blood at a substantial 
level for a remarkably long time. The mild therapeutic effect noted thus is 
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undoubtedly due to the hydroxylated metabolites. The highly potent M-2293 
is degraded about as rapidly and extensively; the degraded pigment is much more 

TABLE I 


Metabolism in man 


KAFBTBOQtTlNOKE 

POS£ 

PIASUA TlGiaST 

M- 

Side chain i 

EDu 

Time 

Level 

Activity 




trantf 

hours 

mzm. % 

fer ceni 

1916 

-(CHj)i-Cyclohexyl 

21.4 

0.6 i.v. 

0.5 

7.4 

33 


SN-6949 



1.5 

6.5 

21 





4 

5.4 

mm 





20 

4.2 

HI 

2293 

4-CyclobexylcyclohexyI I 

0.7 , 

0.6 i.v. 

0.5 

3.6 

27 


SN-13336 



1.5 

3.3 

10-15 





5 

2.4 

8 


1 

1 


16 

0.9 





3.0/day p.o. 

15 

0.4 

feeble 





24 

0.4 

0 

266 

Cyclohexyl 

8.0 

1.0 i.v. 

0.5 

6.0 

84 


SN-S094 

1 

1 

1.5 

4.5 1 

77 




1 

3 

3.4 

49 



1 

1 

6 

2.9 

42 



1 

' 0.6 i.v. 

0.5 

4.0 

48 





3 

3.0 

23 





5 

2.0 

16 




2.0/day for 3 

8 

2.0 

25 




days, p.o. 

24 

5.5 

30 


1 



48 

6.0 

22 


1 



72 

! 4.9 

27 

2301 

j -(CHO.-C.H 5 

13.9 

1.0 i.v. 

0.5 

■ 8.4 

62 


sN-msi 



1.5 

6.5 

63 





3 

4.8 

42 





6 

2.3 

40 





16.2 

2.2 

13 

2289 

-(CH,),C.H.Cl-p 

18.1 

0.6 i.v. 

0.2 

2.4 

92 


SN-1285S 



0.5 

1.9 

77 

i 




1 

1.5 

10 



f 

1.2 i.v. 

0.6 

6.8 

95 





1.5 

5.8 

98 



1 

I 


4 

2.4 

59 




3.0/first day, 

24 

0.6 

24-65 




1.0/daynext 

48 

0.3 





2 days, p.o. 

72 

0.5 

55 
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TABLE I — Continued 


SAraiBOQUIKOKt 

DOSE 

PLAStfA PICUENT 

SI. 

Sidt ch&m 

EDk 







trant 

hours 

rttiH, % 

1 per cent 

2309 

-(CHO.C«H.OC.H,-p 

7.2 IM 

0.6 i.v. 

0.5 

10.2 

100 


SN-13936 



1.5 

8.7 

79 





3 


66 





5 


55 





15 


28 




1.0 i.v. 

0.5 

6.0 

84 





1.5 


77 





3 


49 





6 

2.9 

42 




0.6 i.v. 

0.5 


97 





1.5 

1 2.9 

81 





5 

1.8 

60 





20 

0.9 

24 



1 

[ 2.0/day for 3 

12 


96 




1 days, p.o. 

24 

3.6 ' 

77 





36 

4.0 

63 




j 

60 


56 


-(CH,),C(OH)(C,Hu-n), 

4.2 IM ; 

0.6 i.v. ! 



104 





1.5 


96 





3 

4.1 

67 





5 

3.3 

48 





20 

1.5 

26 




0.6 i.v. 


7.5 

>90 





1.5 

5.4 

99 





3 

3.9 

104 





5 

2.8 

88 





20 

1.1 

81 




2/4hrs.,i.v. 


4.0 

130 






1.3 

i 

17 




2/4 hrs., i.v. 



90 






4.3 

100 






2.7 

55 




0.6/8 hrs., p.o. 

13 

2.6 

40 





26 

2.1 

18 

— 




49 

2.2 

22 


active than that from M-1916, but it is eliminated much more rapidly. This 
consideration, counled with the poor performance on oral administration, in- 
offers little promise in therapy in spite of the superior 
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potency in bird assays. The cyclohexyl derivative, M-266, when administered 
intravenously is degraded about as rapidly and extensively as M-1916; deactiva- 
tion was also extensive when the compound was given by mouth. The residual 
activity here also can be attributed to a hydroxylated metabolite. The u- 
phenylnonylderivative, M-2301, and the p-chlorophenylethyl compoimd, M- 
2289, seem to retain activity for slightly longer periods when given intravenously, 
but extensive degradation eventually occurs in both instances, and the second 
substance performed very poorly when given by mouth. 

The phenoxyphenylalkyl side chain of M-2309 seems more resistant to degra- 
dation than purely hydrocarbon side chains, possibly because of the presence of 
oxygen in ether linkage. Compound M-2350, with a hydroxylated side chain, 
performed even better. The results of the four intravenous experiments are 
variable but indicate a definite trend to better retention of activity (see also 
below). The one oral e.xperiment reported is not encouraging, and intramuscular 
injection (2 grams of M-2350 plus 6 cc. of nut oil) was tried without promise 
(brief local pain, plasma levels in three instances in the range of only 1-2 mgm. 
per cent). Both these experiences and the results of assays in ducks (low activity 
on oral administration) indicate that this substance of high molecular weight is 
not absorbed efficiently from the gut and has potentialities as a therapeutic agent 
only if administered parenterally. 

The cis-;S-decalylpropyl derivative, M-2279 (SN-12320), is of interest because 
of the finding of Walker and Richardson (3, 4) that this naphthoquinone poten- 
tiates Pamaquine in both the suppression and cure of P. caihemerium in ducks. 
Table II gives the results obtained on oral administration of the compound to one 
subject in daily doses and to another in a discontinuous regime. No consistent 
differences are discernible, and the average plasma level of effective drug (last 
column) is much the same: 3.4 and 3.0 mgm. per cent. The overall average 
activities are 37 and 47 per cent that of the administered material; the average of 
thirteen determinations in four cases not reported was 40 per cent. The urinary 
excretion of pigment derived from M-2279 is too low to permit chemical char- 
acterization, but the pigment derived from a large plasma specimen from a poly- 
cythemic subject was investigated and found to be extractable from ether with 
sodium carbonate solution whereas M-2279 is not. The substance very probably 
is metabolized to an alcoholic derivative. If, as the results suggest, this pos- 
sesses 40 per cent of the activity of the highly potent M-2279, it should offer 
promise as a drug. 

Parenteral Administration to Various Test Animals. The first objective of the 
exploratory experiments of table III was to find a test animal showing a response 
to naphthoquinone administration comparable to that of man and therefore 
suitable for the preliminaiy evaluation of nerv members of the series with respect 
to persistence and resistance to deactivation. Comparisons were made of the 
fate of M-1916 and M-2350, compounds that are susceptible, and relatively re- 
sistant, respectively, to deactivation in the human body. The parenteral route 
was selected in order to eliminate the variable factor of absorption, and a con- 
venient medium for injection was foxmd in a heat-stable solution of naphtho- 
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quinone sodium salt in 5 per cent gelatin. The dose -was the same as in the trials 
in man (table I), namely 10 mgm./kgm. 

Intravenously administered M-1916 disappears from the blood of dogs, cats, 
and rabbits in a matter of a few minutes after the injection. M-2350 is elim- 
inated from the blood of the dog and the rabbit at a significantly slower rate. 
M-1916 persisted for a somewhat longer period in the guinea pig than in the 
above animals, but no side-chain degradation was noted in the rather brief period 

TABLE II 
Metabolism in man 


M-2279 (SN-12320): -(CH,)«-i5-Decalyl-cia, ED» 3.S 


DAY 

OZAL DOSE 

PXA5VA FICICEKT 

gyjgCnVE D8PG 

1 liVEL 

M6in.% 

Activity % 


tm. 



fngm, % 

1 

3 

5.1 

64 

3.3 

2 

2 

4.9 

30 

1.5 

3 

2 

4.9 

24 

1.2 

4 

1 

8.7 

44 

3.8 

5 


10.3 

58 

6.9 

6 

2 

10.1 

33 

3.3 

7 

1 

12.3 

47 

6.8 

8 

1 

11.4 

37 

4.2 

9 

1 




10 

1 

11.8 

27 

3.2 

11 

1 




12 

1 




13 


10.4 

7.5 

0.8 

1 

3 

6.1 

49 

3.3 

2 


1 4.3 

81 

3.5 

3 


3.7 

45 

1.7 

4 

3 

3.5 

36 

1.3 

5 


9.2 

73 

6.7 

6 


7.6 

41.5 

3.2 

8 

3 

5.9 

24 

1.4 

9 


9.2 

30 

2.8 

10 


8.1 

38 

3.1 

11 


6.9 

40 

2.8 


during which an effective concentration of pigment was found in the plasma. An 
anesthetized monkey gave a much better response with respect to persistence of 
drug, but again very little drug degradation occurred. Intravenously injected 
M-1916 persisted in the blood of a duck for more than one hour and suffered no 
degradation. 

The mouse proved to be a particularly satisfactory test animal. In order to 
obtain sufficient plasma for the determination of plasma concentration and anti- 
respiratory activity it is necessary to use pooled blood (by decapitation) of several 
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TABLE III 

Parenteral administration of naphthoquinones 


(Standard dose = 10 mgm./kgm. as sodium salt in 5% gelatin solution*) 


qxjjnohe 

AKIUAL 

D/JECnON 

PLA£UA SAUTXS 

Route 

Mia. 

Time 


mm 

1 




miff. 


% 

M-1916 

Dog 

i.v. 

0.5 

1 

3.55 






3 

2.03 


1 




6 

1.21 






12 

0.50 


M-2350 

Dog 

i.v. 

2 

2 

4.01 






5 

2.65 






20 

1.57 






46 

0.14 


M-1916 

Cat 

l.V. 

0.5 

2.5 

2.07 






4.5 

1.72 






9.5 

0.94 






20 

0.86 


M-1916 

Habbit 

i.v. 

mm 

3 

3.59 




1 

1 


6 

2.81 






12 

1.91 






24 

0.11 


M-2350 

' 1 

Rabbit 

i.v. 

B 

4 

2.53 






15 

1.18 







1.02 





B 

IB 

0.65 


M-1916 

Guinea pig 

i.v. 

0.5 

4 

4.38 



1 



35 

1.49 

100 





55 

0.30 






85 

' 0.13 

i 

M-1916 

Ehesus monkey (under 


mm 

15 




t nembutal anesthesia) 



70 







200 

1.07 

9i 



HHH 

B 

300 

0.90 


M-1916 

Duckf 

i.v. 

12 

20 

B 






80 

B 


M-1916 

■White mice : 10 


■1 

60 

0.83 

37 


5 

immii 

B 

120 

0.28 



5 

i.p. in nut 

B 

3 hrs. 

3.93 



6 

oilt 


6 hra. 

2.58 



6 


B 

24 hrs. 

0.18 
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TABLE ni — Continued 


(lUCJOKE 

AXDtXL 

wjtcnoH 

rmsuA SAUFxx 

Rottie 

1 Mia, 

Tine f 

1 

MEm.% 

Activity 




1 


1 

% 

M-2350 


i.V* 

1 

15 

1.17 






90 

0.64 






195 

.47 

54 


5 



300 

.07 



5 

i.p. 


60 

T).85 



10 



195 

.47 

89.5 

i 

10 



420 

.23 



10 

i.p. in nut 


3 hrt. 

2.14 



5 

oil 


7hrs. 

1.79 





1 

15.5 brs. 1 

1.82 

40 


I ® 


1 

24 hrs. 

0.29 










* The solution tvas prepared by dissoUdng 20 mgm. of the quinone and about 70 mgm. 
(one-half pellet) of sodium hydroxide in 25 cc. of 5% gelatin solution; the mixture can be 
warmed without damage to the protein and a clear red solution results. 

t The solution injected contained 23.5 mgm. of M-1916 dissolved in 50 cc. of a solvent 
consisting of 80% duck serum, 18% saline, and 2% ethanol (experiment by H. Heymann). 

t A solution of SO mgm./cc. of naphthoquinone in nut oil (Inventol); the dose injected 
was 0.1 cc. per mouse. 


^hinials in each experiment, but this has the advantage of providing data based 
Upon averages. The results recorded in table in show that intravenously in- 
jected (tail vein) M-1916 and M-2350 both persist in the blood for considerable 
periods and suffer metabolic deactivation comparable to that observed in man; 
M-2350 persists better and is degraded less extensively than M-1916.'* 

A comparison was then made of different methods of administering naphtho- 
quinones to mice. The intraperitoneal injection of M-2350 in gelatin solution 
m the standard dose of 10 mgm./kgm. resulted in substantial plasma levels per- 
king for several hours and ■with high retention of the original actmty. The 
mjection into the peritoneum of a very large dose (150 mgm./kgm.) of M-1916 or 
M-2350 in nut oil was then tried and found to constitute an eflacient method of 
maintaining a high concentration of naphthoquinone pigment in the blood over 
a considerable period of time. The pigment present in mouse plasma at a level 
of 1.82 mgm. per cent fifteen hours after administration of M-2350 by this tech- 
mque stfil retained 40 per cent of the original activity. 

Drug Distribution. In one of the cases studied a man with a total biliary 
fistula was pven 1.1 grams of M-1971 by intravenous injection and the bile was 
collected during the subsequent twenty hours. No trace of naphthoquinone 
could be detected in the bile sample. 

•Plasma samples from rats given M-1916 orally were kindly Bent to us by Dr. L. H. 
Schmdt; our analj-ses indicate that the rat likewise effects metabolic oxidation of the 
naphthoquinone side chain. 
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Site of Drug Metaiolism. Two independent observations furnish evidence 
that the metabolic oxidation of the side chain occurs elsewhere than in the in- 
testinal tract. Incubations of M-1523, M-1916 and M-285 with Alcaligenes 
faecalis, E. coli, and mixed human intestinal flora were kindly prepared by Dr. 
L. H. Schmidt and brought to Cambridge for examination, fractional ex- 
traction with buffers afforded no indication of any degradation of the type ob- 
served on administration of the compounds to hiunan subjects. The second piece 
of evidence is the already recorded fact that intravenously administered M-1916 
suffers the same oxidative degradation as orally administered material. 

A first attempt to effect drug metabolism in vitro was conducted as follows. 
A mixtine of 250 mgm. of finely ground M-285, 100 cc. of a 10 per cent solution 
of crystalline bovine albiunin in physiological salt solution, and 300 mgm. of 
sodium carbonate was shaken for several hours and the red solution filtered from 
20-25 mgm. of undissolved quinone and homogenized in a Waring blendor with 
286 grams of liver freshly removed from a dog and 25,000 units of penicillin. 
The resulting pasty mass was then incubated at 38° for forty-five hours in an 

TABLE IV 


In vitro degradation of M-19IB by mouse liver 


TZICE or INCUBATION 

NATBTHOQOTNONE X£COVTS£X> 

Per cent 

Per cent Activity 

hr. 



1 

80 

100 

2 

78 

84 

3 

66 

69 

6 

SO 

58 


atmosphere of 90 per cent oxygen and 10 per cent carbon dioxide, with frequent 
mechanical agitation. The greenish brown semisolid mass was shaken with 
successive portions of ether and water and the pigment was extracted from the 
combined ether extracts and determined colorimetrically. The total recovery 
was 62 mgm. (28 per cent), and buffer fractionation showed that the naphtho- 
quinone remaining was all completely imdegraded. Thus the enzymatic oxida- 
tion in the presence of dog liver resulted in the conversion of three-quarters of the 
starting material to non-quinonoid products and effected no attack of the side 
chain. The observation is in harmony with the very rapid destruction of naph- 
thoquinone administered to dogs by intravenous injection. 

The findings recorded in table III suggested a repetition of the experiment 
utilizing mouse liver, since the intact mouse is capable of degrading the naphtho- 
quinones. In each experiment recorded in table IV the livers from five white 
mice were homogenized with a small volume of saline and mixed with a solution 
of 1.5 mgm. of M-1916 in 2.5 cc. of a 20 per cent gelatin solution containing 10 
mgm. each of sodium carbonate and sodium bicarbonate. The mixture was then 
incubated at 38° in a stream of oxygen containing 5-10 per cent carbon dioxide 
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for varying periods of time, after ivhicli alcohol ivas added. The mixture vras 
centrifuged, and the naphthoquinone pigment left on evaporation of the al- 
coholic extract vas assayed and its antirespiratory activity determined. The 
results demonstrate a progressive loss in activity of the naphthoquinone pigment 
comparable to that observed in intact mice and in man, and the conclusionmay 
be drawn that in this series of compounds metabolic drug degradation occurs in 
the liver. 

Toxidiy for llice. Those naphthoquinones that appeared of interest for in- 
clusion in the metabolism studies but that had not been examined by pharmacol- 
ogists in the CMR organization were probed by' oral and intravenous tests. 
The second test revealed marked toxicity in some compounds that probably 
appeared innocuous in the oral test merely because they are too sparingly soluble 
to be eSectively absorbed. "We are greatly' indebted to Dr. Otto Kray'er and to 
Dr. E. B. Astwood for short-term chronic toxicity tests in mice conducted in the 
Department of Pharmacology of the Harvard Medical School. The overall 
summary recorded in table V reveals striking differences among structurally 
related compounds and gives some index of the limits of safety in the experimen- 
tation with these substances. The compounds are listed in the order of increas- 
ing mortality noted, although the gain or loss in weight and the amount of food 
consumed also constitute useful criteria. Thus M-298 and M-333 were excluded 
from metabolism studies because of the adverse showing on all these counts. 
In most of the experiments a parallel test was made of M-1916 as standard. 

Intrwienous Toxidiy for Dogs. Richardson (1, 5) observed that M-1916, 
M-297, and M-1971 all produced shock, and sometimes death, when a dose of 
25 mgm./kgm. was given intravenously to a dog in seven minutes in a 1 per cent 
solution prepared by heating 500 mgm. of quinone and 100 mgm. of sodium hy- 
droxide with 40 cc. of water and adding 10 cc. of alcohol. In a first trial with 
M-1916 the dose, time of injection, and amount of alkali were the same as in 
Richardson’s procedure but the drug was brought into solution not by adding 
alcohol but by using a suitably large volume of hot saline such that the concentra- 
tion of drug was one-tenth that in Richardson’s experiment (experiment 1, table 
YI) ; no abnormal symptoms were observed (blood pressure 115 mm. Hg). When 
Richardson’s procedure was followed exactly his results were duplicated (experi- 
ment 2), for the dog went into shock (blood pressure 60 mm. Hg). The standard 
dose was again given in a dilute solution (05 pier cent) and followed by the injection 
of 30 cc. of 20 per cent alcohol, and again symptoms (other than incoordination) 
were absent. The injection of 10 pier cent alcohol containing alkali but no drug 
likewise failed to produce shock. The contrast between the innocuous character 
of a large volume of a 0.1-0.2 pier cent solution of drug and the toxic effect of a 
small volume of a 10 per cent solution was then confirmed by consecutive in- 
jections in the same dog (expieriment 5). It seems possible that drug entering 
the blood stream in a small volume of a relatively concentrated solution may not 
be taken up by protein at the rate at which it is introduced and is hence present 
in part in the free condition rather than in the form of a presumably' less toxic 
protein complex. This hypothesis is supported by the observation that shock 
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did nofc result after the injection of more than a full dose of 1 per cent solution of 
M-1916 prepared by dissolving the drug with either sodium carbonate or sodium 
hydroxide in 50 cc. of a 10 per cent solution of crystalline bovine albumin con- 
taining 10-20 per cent of alcohol (experiments 7 and 8). The shock-producing 
action of a concentrated solution is thus counteracted by providing protein with 
which the drug can combine prior to injection. A protein is an advantageous 

TABLE V 
Toxicity for mice 


(Averages for 10 mice at each of the following dosages for 7 days: 1, 0.5 and 0.25% drug 

in diet) 


M. 

SIDE CSAQf 

CHAKCE 
IN WT, 

TOOD 

INTAKE 

DEATBS 



gm. 

tm.fts"./ 

day 

% 


Controls (150 mice) 

+3.3 

223 

0 

2256 

“Ci7Hjs-n 

+4.6 

276 

0 

1714 


+4.0 

254 

0 

2293 

-4 '-Cyclohexylcyclohexyl 

+2.0 

180 

0 

344 

-CHs-Piperidyl 

+1.4 

285 

0 

2350 

-(CHj),C(OH)CC,H„-n)j 

+0.1 

126 

0 

2289 

-CH,CH5C.H,CI-p 


118 

0 

1960 

-^-Naphthyl 

-0.1 

156 

3 

1929 

-(CH,).CH(CH,). 

+1.0 

175 

7 

295 

-(CHs),-^-Tetralyl 

+0.8 

188 

13 

1916 

-(CHjjj-Cyolohexyl (180 mice) 

+0.4 

168 

15 

2333 

-(CHs)3-A*-Cyclohexenyl 

-1.3 

153 

20 

266 1 

-Cyolohexyl 

+2.1 

312 

23 

380 

-(CH2)j-4'-Cyclohexylcyolohexyl-trans 

-1.4 

116 

23 

2284 

-(CH2)6CH(CH,)2 

-2.7 

99 

23 

297 

-(CHs),-p-Decalyl-trans 

-2.1 

77 

25 

2279 

-(CHj),-/J-Decalyl-cis 

-2.0 

84 

27 

2301 

-(CHj),-C.H5 

-1.3 

101 

30 

1523 

-(CHj),CH(CH,)j 

-1.6 

94 

30 

2309 

-(CH,),C!,H<OC,H5-p 

-2.4 

160 

SO 

2287 

-(CH,),CH(CH3)2 

-3.0 

75 

57 

2260 

-(CHj),C,H.C1-p 

+1.7 

240 

60 

2244 

-(CH,).C.H,F-p 


113 

60 

374 

-(CH!),-A*-Cyclohe.venyl 


173 


298 

-CHjCH(CH.) (CH,)jCH(C,H5)C.H,-n 


72 

83 

333 

-CHjCH(CH,) (CHj).CH(CH,)i 

-1.8 1 

115 

90 


component of a solution for intravenous injection both because of its detoxif 3 dng 
action and because of its solvent power for the naphthoquinones. 

The following procedure was adopted for the study of the intravenous toxicity 
of other members of the series. A 0.1 per cent solution of drug (500 mgm.) and 
sodium hydroxide (100 mgm.) was prepared in saline, or in saline containing 
alcohol if required for solution, and a portion of the solution corresponding to a 
dose of 25 mgm./kgm. was injected in a period as close as possible to seven minutes. 
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The following compounds produced no abnormal symptoms and the dogs sur- 
ged; M4929, M-29o, M-374, M-344, M-266, M-2260, lM-1523, M-297, M-380, 
M-2293, M-22S9, ht-23Q9, M-2301, M-2350. IVhen given in the same way 
M-333 killed each of two dogs; since a dangerous degree of toxicity was observed 
both in this test and in the test in mice the compound was excluded from metab- 
olism study. 

In the case of four compounds of high molecular weight and low solubility, 
rather high concentrations of alcohol were required for solution and this may have 
potentiated the toxicit 3 '. The test solutions of M-1714 and M-2256 (-CuHji-n 
and -CiTHa-n) contained 28 per cent of alcohol and produced shock and then 
death. In a second experiment with M-1714 a 500-mgm. sample was dissolved 
nith 100 mgm. of sodium hydroxide in 230 cc. of a 5 per cent solution of crystal- 
line bovine albunun and 20 cc. of alcohol; a full dose (160 cc.) injected into a dog 
produced no symptoms. M-2293 (4'-cyclohexylcyclohexyl) was likewdse in- 

TABLE VI 


Iniravenous (7 min.) adminislralion of M-191B io dogs 


EJCPT. 


SOtCTIOJ? mjrCTED 


SYUrtOUS 


M.t9l6 

Alcohol 

Base 

Albumin 



% 

% 




1 

0.1 

0 

NaOH 

0 

None 

2 

1.0 

19 

JiaOH 

0 

Shock 

3 

0.2 

4 

NaOH 

0 

None 

4 

0 


NaOH 

0 

None 

5a 

" 0.2 

4 

NaOH 

0 

None 

5b 

1.0 

20 

NaOH 

0 

Death 

e 

0.2 

20 

NaOH 

0 

None 

7 

1.0 

10 

NazCO, 

10 

None 

8 

1.0 

20 

NaOH 

10 

None 


corporated into a test solution containing 28 per cent of alcohol, and this caused 
the death, by peripheral circulatory collapse, of each of three dogs even thou^ 
m two instances 5-10 per cent of bovine albmnin was added to the test solution. 
An alcohol-free solution was then prepared by dissolving a full dose of drug plus 
200 mgm. of sodium hydroxide in boiling water at a concentration of 0.09 per 
cent, cooling the solution to 40°, and adding 10 per cent of bovine albumin. The 
mjection of this solution produced some dyspnea and retching but the dog re- 
mamed conscious and soon recovered. Exactly comparable results were ob- 
tamed with the hi^er homolog M-380; a solution containing 19 per cent alcohol 
proved lethal, while an alcohol-free solution containing albumin produced only 
temporary symptoms. 


SUMMARY 


1. A method of evaluating naphthoquinones as possible antimalarial drugs 
with respect to plasma levels, extent of metabolic deactivation, and persistence of 
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active material following oral or intravenous administration to nonmalarial 
individuals consists in determination of the antirespiratory activity per colori- 
metric imit of total naphthoquinone pigment extracted from plasma samples 
drawn at var3dng periods of time. 

2. Compounds with hydrocarbon side chains terminating in a ring are rapidly 
metabolized to products hydroxylated in this ring. The metabolites retain 
10-60 per cent of the original activity, often persist in the blood for long periods, 
and in some instances may exert a therapeutic effect. 

3. A synthetic compound having a hydroxyl group in a large hydrocarbon side 
chain shows improved resistance to metabolic deactivation, possesses adequate 
activity (i.v.), and appears to offer promise as a drug. 

4. Of various animals investigated for the laboratory evaluation of new com- 
poimds, the mouse shows the closest paraUelism to man in the retention and 
degradation of the naphthoquinones. Drug degradation in vitro was accom- 
plished in a mouse liver homogenate. 

5. Intravenous toxicity observed in dogs under certain conditions can be 
counteracted by adding albumin to the solution injected. 

We wish to thank SaUy S. Shy, Shirley R. Katz, and Grace Nahm for techmcal 
assistance in the respiratory studies. 
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The biolopcal activity of thyioaine derivatives has been estimated by their 
eSect on tadpole metamorphosis (1, 2), oxygen consumption (3), carbon dioxide 
production (1) and survival in closed vessels (4). It was found that thyronine 
derivatives halogenated by bromine or chlorine could have biological activity 
(1), but that complete absence of all halogens as in thyronine resulted in total 
inactivation (1, 2, 3, 5, 6, 7, 8). lodinated phenols, such as 3,5-diiodotyrosine, 
have a negligible activity (1, 2, 3, 6, 7, 8, 9, 10, 11). 3 ,5-Diiodothyronine has a 
defimte calorigenic effect (2, 3, 4, 7, 8, 9, 10), but 3' , 5'-diiodothyronine has been 
foimd inactive (12). 

To obtain more mformation on the respective importance of the 3,5 and 
3', 5' poations* and on the relative efficacy of the individual halogens in the 
thyronine molecule, it was decided to re-examine several thyronine deriva- 
tives in which some or all of the iodine atoms were replaced by bromine or 
chlorine or hydrogen. The biological activity was estimated by administering 
these compounds for three weeks to thyroidectomized rats, criteria for biolopcal 
activity being bi-weekly oxygen consumption and heart rate measurements, as 
well as determination of organ weights at the end of the experiment. 

Male rate weighing from 130 to 150 grains were thyroparathyxoidectomized. These ani- 
mals were kept in a constant temperature room (28 ± 2'C.) illuminated from 8 a.m. to 
8 p.m. Heart rate was deterimned eleotrocardiographically and expressed as beats per 
minute. Oxygen consumption was estimated with the help of an apparatus modified from 
that of Williams et al. (13) . Pre-training of the animals helped to keep them quiet during 
the measurements. No corrections were made for temperature and pressure. The oxygen 
consumption results were expressed as cc. of oxygen consumed per hour per 100 square 
centimeters of body surface. The body surface was calculated from the body weight using 
Meeh’s formula: 

S = 11.2 W 

where W is the hody weight of the rat in grams, and S is the body surface in square centi- 
meters. 

lu preliminary experiments (7, 8) 5 groups of thyroidectomized rats were set 
up, one group serving as control and the remaining groups receiving 3, 30, 306, 
3060 micrograms of thyroxine daily for 3 weeks. The average heart rate and 

'The positions in the thyronine molecule are numbered as follows: 



The thyroxine molecule includes 4 iodines in the 3,5, 3',5' positions. 
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active material following oral or intravenous administration to nomnalarial 
individuals consists in determination of the antirespiratory activity per colori- 
metric unit of total naphthoquinone pigment extracted from plasma samples 
drawn at varying periods of time. 

2. Compounds with hydrocarbon side chains terminating in a ring are rapidly 
metabolized to products hydroxylated in this ring. The metabolites retain 
10-60 per cent of the original activity, often persist in the blood for long periods, 
and in some instances may exert a therapeutic effect. 

3. A synthetic compound having a hydroxy] group in a large hydrocarbon side 
chain shows improved resistance to metabolic deactivation, possesses adequate 
activity (i.v.), and appears to offer promise as a drug. 

4. Of various animals investigated for the laboratory evaluation of new com- 
pounds, the mouse shows the closest parallelism to man in the retention and 
degradation of the naphthoquinones. Drug degradation in vitro was accom- 
plished in a mouse liver homogenate. 

5. Intravenous toxicity observed in dogs under certain conditions can be 
counteracted by adding albumin to the solution injected. 

We wish to thank Sally S. Shy, Shirley R. Katz, and Grace Nahm for technical 
assistance in the respiratory studies. 
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•wei^ts are recorded in table I. Tbe per cent increase over controls was cal- 
culated from the oxygen consumption and heart rate averages of table I and 
reported in table H where the compounds are listed in decreasing order of activity 

TABLE I 

Action of thyronine denraticcs on heart rate and organ morphology 


Each line in the table corresponds to a group of 6 thyroidectomized rats. 



AVTftACC 

XVZ^XCZ OtCAN WZICHTS (ICC^) 


HEAXTIATE 

Adrenal 

Heart 

Hidaey 

I. thyroidectomized controls 

322+12 

28 ±2.3 

587 ±35 

1323 ±40 

3,o-dichlorothyTomne 

3,5 diiodo-3',o'-dichlorotlivTo- 

312 ±11 

31 ±1.2 

623 ±48 

1405 ±43 

nine 

3,5*dichloTo-3',5'-di5odotliyTO~ 

400 ±18 

41 ±2.4 

6S9±45 

1595 ±93 

nine*. 

331 ±18 

32 ±2 6 

614 ±27 

1393 ±58 

n. thyroidectomized controls 
3,5,3',5'-tetraiodothvronine 

303 ±12 

30 ±1.9 

689 ±45 

1110 ±47 

(thyroxine, lay) 

357 ±12 

41 ±9.0 

780 ±33 

1471 ±47 

3,5,3',5'-tetrabromothyronine . 

415 ±18 

41 ±2 0 

861 ±52 

1651 ±58 

HI thyroidectomized controls 

316 ±19 

26 ±1.7 

669 ±40 

1306 ±37 

SiS-duodothyronine . 
3,5^iiiodo.3',5'-<iibromothvro- 

356=11 

31 ±1 9 

745 ±82 

1422 ±74 

nine 

3, 5-dibroino-3 ' , 5 '-diiodoth vro - 

390 ±16 

38 ±1.1 

762 ±36 

1561 ±20 

mne 

484 ±46 

44 ±0.3 

719 ±47 

1763 ±71 


TABLE n 

Percentage increase of the oxygen consumption {cc.fhr./tOO sq. cm.) over that of thyroideclo- 
mized controls after administration of bromo- and chloro-thyronine derivatives 


1. thyroxine. .. +lSi.O 

2. 3,5.dibromo.3',5'-diiodothyrouine +132.5 

3. 3,5^iiiodo-3',5'.dibroniothyTonine +51.5 

4. 3,5.duodo.3',5'.dichlorothyTOnine. +50.0 

5. 3,5,3',5’-tetrabromothjTomne +44.2 

6 3,5^iiiodothyronine +25.5 

7. 3,5.dichloro.3',5'.diiodothyronine . +13.6 

8. 3,5^iichlorothyronine . . +6.4 

9. thyronine. . . . 


and numbered. The calculated values were then used as ordinates for plotting 
along the straight line graphs of figure 1. The order of the efficiency with which 
these thjTonine derivatives can serve as thyroxine substitutes was almost iden- 
tical whichever criterion was chosen (table II, fig. 1). 
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oxygen consumption of each group measured during the last week were expressed 
as per cent increase over controls; these values were plotted as ordinates against 
the logarithm to base ten of the dose of th 5 Toxine taken as abscissae (fig. 1). 
The line obtained for oxygen consumption values was steeper than that obtained 



Fig. 1. The straight lines which relate the dose of thyroxine to its effect on oxygen con* 
BUnmtion and bn heart rate, were obtained in preliminary experiments with graded doses 
of thyroxine. 

The per cent increase over controls obtained by measuring oxygen consumption in an- 
imals receiving a thyronine derivative were placed on the lines as ordinates. Each thy- 
ronine derivative on the line may be identified by its number, which is the same as used 
in table II. By reading off the value of the abscissa, an estimate of the activity as 
micrograms of thyroxine may be obtained. 

for heart rates. Therefore, oxygen consumption may be a more sensitive test 
of thyroxine’s action. 

The thyronine derivatives were then assayed in the same way as the graded 
doses of thyroxine. A dose of 0.25 mgm. of each test substance in 0.1 cc. dis- 
tilled water was administered subcutaneously twice daily for 20 to 21 days fol- 
lowing thyroparathyroidectomy. Thus, the animals received 0.5 mgm. daily, 
with the exception of the rats given 5,5-diiodothyronine which received only 
0.383 mgm. daily. The oxygen consumption and heart rates, as well as organ 
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■weiglite aie lecoided in table I. The per ceat increase over controls was cal- 
culated from the oxygen consumption and heart rate averages of table I and 
reported in table II where the compounds are listed in decreasing order of activity 

TABLE I 

Action of thyronine derivatives on heart rate and organ morphoiogy 


Each line in the table corresponds to a group of 6 thyroidectomized rats. 



AVEuxet: 

A\'ESACE osgan weights (uc^) 


BXAST SATE 

Adrenal 

Heart 

Kidney 

I. thyroidectomized controls 

322 ±12 

28 ±2.3 

5S7 ±35 

1323 ±40 

3,5-dichlorothyronine 

3,3-diiodo-3',5'-dichlorothvro- 

312 ±11 

1 31 ±1.2 

1 

623 ±48 

1405 ±43 

mne 

3,5-dichloro-3',5'-diiodothyTO- 

400 ±18 

41 ±2.4 

6S9 ±45 

1595 ±93 


Jiril -4-IR 

32 J-2.6 

614 -^27 

1393 -1-58 

II. thyroidectomized controls 

3,5,3',5'-tetraiodothyronine 

i 

303 ±12 

30 ±1.9 

689 ±45 

1110 ±47 

(thyromne, 15r) 

357 ±12 

41 ±9.0 

780 ±33 

1471 ±47 

3 , 5 , 3 ' , 5 '-tetrabroroothyronine . . . 

415 ±18 

41 ±2.0 

861 ±52 

1651 ±58 

m, thyroidectomized controls 

316 ±19 

26 ±1.7 

669 ±40 

1306 ±37 

3 ,S-diiodothyronine 

3,5-diiQdo-3',5'-dibtomothyro- 

356 ±11 

31 ±1.9 

745 ±82 

1422 ±74 

nine 

3,5-dibromo-3',5'-diiodotbyro- 

390 ±16 

38 ±1.1 

762 ±36 

1561 ±20 

nine 

484 ±46 

44 ±0.3 

719 ±47 

1763 ±71 


TABLE II 

Percentage increase of the oxygen consumption (cc./hr./lOO sq. cm.) over that of thyroidecto- 
mized controls after administration of hromo- and chloro-thyronine derivatives 


1. thyroxine +184.0 

2. 3,5-dibromo-3',5'-diiodothyronine +132.5 

3. 3,5-diiodo-3',5'-dibromothyronine +54.5 

4. 3,5-diiodo-3',5'-dichlorothyronine +50.0 

5. 3,5,3',5'-tetrabromothyronine +44.2 

6. 3,5-diiodothyronine +25.5 

7. 3i5-dichloro-3^,5'-diiodothyTonine +13.6 

8. 3,5-dichlorothyronine +6.4 

9. thyronine 


and numbered. The calculated values were then used as ordinates for plotting 
along the straight line graphs of figure 1. The order of the efficiency with which 
these thyronine derivatives can serve as thyroxine substitutes was almost iden- 
tical whichever criterion was chosen (table II, fig. 1). 
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Thyronine displayed no activity. This result confirmed that the elimination 
of halogens from the molecule of th 3 U‘oxine suppressed its characteristic biological 
effect. 

On the other hand, iodine was not indispensable for biological activity since 
3,5,3', 5'-tetrabromothyronine had a definite effect (tables I and II). This was 
in confirmation of previous work (1, 3). 

The replacement of the 3,5 bromines in the last compound by two iodines, 
giving the 3,5-diiodo-3',5'-dibromothyronine, did not significantly raise biologi- 
cal activity over that of 3,5,3',5'-tetrabromothyronine. Conversely, the 
presence of two iodines in the 3', 5' positions with bromines in 3,5 produced a 
highly active compound, the 3,5-dibromo-3',5'-diiodothyronine, which could be 
roughly estimated to have one-eighth the activity of th 5 Toxine. In other words, 
out of the two bromoiodo compounds, only the one with the iodine in the 3', 5' 
positions was highly active. These results were not in agreement with those of 
Abderhalden and Wertheimer (1) who found the relative activities of the above 
two compounds were reversed. 

At any rate, with either iodine or bromine in the 3', 5' positions, iodine in 3,5 
was more effective than bromine (as shown by the comparison of No. 1 with No. 
2 and No. 3 with No. 5 in table II) and in turn, bromine in 3,5 was more effec- 
tive than chlorine (as shown by comparison of No. 2 with No. 7). While the 
presence of iodines in the 3', 5' positions may yield compounds of great activity 
(Nos. 1 and 2), such iodines did not guarantee high activity, as seen by the low 
efficacy of compound No. 7. Thus, the presence of bromine or iodine in 3,5 
was necessary to enhance the activity of compounds with 3', 5' iodines to a high 
level. 

With regard to the importance of the 3', 5' iodines, it has been found that, when 
these iodines were displaced to the 2', 4' positions— a modification that involved 
a change in the position of the phenolic hydroxyl from the 4' to the 3' position — 
the compound thus obtained (meta-thyroxine) had no biological activity (14, 
15). If the hydroxyl, however, was displaced from the 4' to the 2' positions, 
leaving the 3' ,5' iodines in place, the resulting thyroxine isomer (ortho-thyroxine) 
was still active, since it had retained one-twenty-fiftb to one-fiftieth the activity 
of thyroxine (15, 16). Ortho-thyroxine and thyro-xine, but not meta-th 3 TOxme 
have iodines in 3', 5' and also can form quiaones (15, 16), These two char- 
acteristics may be important for biological activity. 

In regard to the thyronine derivatives with iodines in the 3,5 positions, no 
highly active compound was obtained besides thyroxine; still all the compounds 
with iodine or bromine in this position had an appreciable effect, which was 
greater than that of one of the compounds with iodines in 3', 5' (No. 7, table II). 
When iodines in the 3,5 positions were the only halogens present in the molecule, 
there was a further drop of activity, as shown by 3 , 5-diiodothyTonine (No. 6). 
When chlorines in 3,5 were the only halogens in the molecule, there was no 
activity (No. 6). 

CONCLUSION 

These results emphasize the predominant role of iodine in the thyroxine mole- 
cule. However, the complete or partial replacement by bromines^ tlm partial 
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replacement by chlorines reduces but does not necessarily eliminate biological 
activity. 

When iodine is in the 3 ,5 positions, the halogen position in 3' ,5' is much more 
eSectively filled by iodine than by either bromine or chlorine. Conversely, if 
one considers the compounds with iodine in the 3', 5' positions, iodine again is 
more eSective in 3,5 than bromine, winch in turn is much more eSective than 
chlome. Therefore, for an activity comparable to that of thyroxine, iodine must 
be in 3', 5' with either iodine or bromine in 3,5. 

This work was carried out with the support of the Blanche Hutchison Eund 
of McGill University, and of the Banting Eesearch Foundation. We wish to 
acknowledge the help from Dr. H. E. HoS during the first part of this investiga- 
tion. AH the compounds were supplied by Hoffmann-LaRoche, Ltd., Montreal, 
through Mr. P. Blanc. 
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Several years ago Wright (1) reported that there is present in the blood serum 
of some (but not all) rabbits an enzyme which is able to hydrolyze monoacetyl- 
morphine (6-acetylmorphine). Atropine esterase is another enzyme found in 
the serum of only a portion of the rabbit population (Bemheim and Bemheim 
(2) and others (3, 4). Sawin and Click (5), in cooperation with Wright, deter- 
mined the activities of the sera of a group of rabbits on monoacetyhnorphine 
and on atropine. They stated that the sera either hydrolyzed both substrates 
or neither and that "the order of activity is the same when the serums are ar- 
ranged as to enzyme concentration for either 'monoacetylmorphinease' or 
‘atropinesterase’ Wright (6), however, was of the opinion that the two sub- 
strates were attacked by different enzymes, since atropinesterase is not found 
in the livers of rabbits which lack this activity in their sera, whereas monoacetyl- 
morphine esterase is present in the livers of rabbits, whether or not the enzyme 
is present in the serum. 

Benzoylcholine esterase is another enzyme which does not occur in the sera 
of all rabbits (7). It was demonstrated that, although there is a parallelism 
between the activities of various rabbit sera on benzoylcholine and atropine, 
the two substrates are attacked by different enzymes. Although it was con- 
sidered possible that only two enzymes might be involved in the hydrolysis of 
monoacetylmorphine, atropine, and benzoylcholine, the results of this study 
indicate that three separate enzymes are necessary. This report also includes 
some experiments on the enzyme responsible for the hydrolysis of the 3-acetyl 
group of heroin. 

Methods. Both heparinized blood plasma and serum have been used. Red cells were 
prepared by washing the cells repeatedly with saline. Weighed portions of washed liver 
were homogenized in a Waring blendor with four times the weight in volumes of 0.025 M 
sodium bicarbonate. Determinations were made with the conventional Warburg constant 
volume manometrie method. The medium was 0.025 Molar sodium bicarbonate in equilib- 
rium with 5 per cent COj-95 per cent N*. Three cc. of substrate were placed in the main 
compartment of the vessel and 0.2 cc. of the enzyme preparation in the side-bulb. The 
concentrations of substrates in the final reaction mixtures were ; monoacetylmorphine hy- 
drochloride -SHiO, 2.25 X 10~’ M.; atropine sulfate, 2.7 X lO*’ M.; homatropine sulfate, 
7.5 X 10"* M.; benzoylcholine chloride, 5.8 X lO"’; diacetylmorphine hydrochloride, 2.32 X 
10-> M.; methylbutyrate, 3.3 X 10'’ M.; tributyrin, 1.29 X 10“’ M. (suspension); acetyl- 
salicylic acid, 1.88 X 10"’ M. 

We are indebted to Dr. Lyndon F. Small of the National Institute of Health for the 
morplune esters used in this study and to Dr. Elmer L. Sevringhaus, Hoffman-LaRoche, 
Inc., Nutley, New Jersey, for benzoylcholine chloride and neostigmine. 
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RESXJiiTS. A group of plasmas taken from 17 rabbits was tested. Seven 
showed negligible hydrolytic activity on monoacetyhnorphine, atropine and 
benzoylcholine. If the rate of hydrolysis of benzoylcholine of the active plasmas 
is arbitrarily called 100, the activities on monoacetylmorphine and atropine are 
130 and 70, respectively. The ratios of these activities of various plasmas are 
quite constant. The first group of columns of figure 1 summarizes the results. 

The monoacetyhnorphine esterase of rabbit’s blood is found only in the plasma 
since washed hemolyzed red cells separated from active plasma do not hydrolyze 
monoacetyhnorphine. Wright (6) found that this ester is not attacked by rat 
serum. Our results indicate that human, dog, sheep and guinea pig sera also 
are devoid of this activity. 



Healed Dried 

OF Htdkoltsis of Atropiot, Mokoacettliiorphiub, and 
noicAraopiNE Relative to Benzoylcholine Hydboltsib in Solutions of 
ijKZYMEs Prepared pROii Tissues or Rabbits and Guinea Pigs 


The EFFECTS OF iNHinrroEs on theee esterase acttvities. Both physo- 
stigmme and neostigmine at 1 X 10-« M. are inhibitors of the esterases. The 
sensitivities of the enzymes to these inhibitors differ greatly. Monoacetyl- 
morphine hydrolysis is most sensitive and atropine esterase least. 

At 0.02 M. concentration, sodium fluoride shows a different order of action 
on the three activities. Benzoylcholine esterase is inhibited most and atropine 
esterase js unaffected. Tetraethylpyrophosphate (TEPP) is an inhibitor of all 
three actmto. The sensitivities of the three activities are identical. This 
action of TEPP is illustrated in figure 2. 

Attcmpts TO SEPAE.ATE ENZYMIC ACTIVITIES IN VIVO. Tcsts Were performed 
on rabbits with active sera to deteimine whether serum activities on the 3 sub- 
strates would reappear at the same rate after inactivating the enzymes with 
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TEPP. These experiments demonstrated that all 3 activities recovered at the 
same rate, but at a rate slightly less than the rate of renewal of acetylcholine 
hydrolytic activity. The recovery of the latter activity compared favorably 
with similar experiments reported by Mazur and Bodansky (8), who injected 
diisopropylfluorophosphate as the esterase inhibitor. 

Further attempts to depress differentially the several enzymes of rabbit plasma' 
with carbon tetrachloride, administered in order to damage the liver, were un- 
successful. When 0.5 cc. of CCh was administered intraperitoneally on alter- 
nate days, the 3 activities were reduced to 50 per cent of the normal on the 
fourth day of the treatment. At this time the esterases acting on acetylcholine, 
methylbutyrate and tributyrin were at the pre-injection level or above. 



Via. 2. iNHIBITIOtf Br TETBAUTHrLPirROPHOSPHATB (TEPP) OF TSB HrDROLrsrs OP 
Benzotixihoune, Atbopinb, akd Monoacettlmobphinb bt Rabbit Plasma 

Physical sepakation of the enzymes. The 3 esterase activities of the 
rabbit’s plasma and liver all appear in the fraction precipitated by half-saturated 
ammonium sulfate. The liver “globulin” enzjunes were found to be present in 
different relative amounts from those of the plasma. A comparison of the second 
group of columns of figure 1 with the columns representing the plasma activities 
illustrates this difference. ' 

When the liver “globulin” was incubated at 48°C. for one hour, the atropine 
esterase was completely inactivated, monoacetylmorphine hydrolysis was re- 
duced 50 per cent and benzoyloholine esterase was diminished 30 per cent. The 
relative activities of this preparation are represented by the third group of 
columns of figure 1. These results show a definite separation of atropine es- 
terase from the other two activities in the same preparation. 

The liver of the guinea pig contains benzoylcholine and monoacetylmorphine 
esterases, but this tissue hydrolyzes atropine to a ript^litrihlo pvtfinf. nl^Viniiph 
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homatropine is readily attacked. A dry powder of guinea pig liver was pre- 
pared by dropping the liver homogenate into ten times its volume of acetone, 
filtering by suction and twice resuspending the powder in acetone and filtering. 
The dry powder had a much different relative activity on monoacetytmorphine 
and benzoylcholine than the original homogenate. The relative activities on 
the three principle substrates are shown in the fourth and fifth groups of columns 
of figure 1. The relative actions of these preparations on homatropine are 
included for comparison. 

Although the enzymes of the liver were separated quite effectively by differ- 
ences in sensitivity to inactivation at 48“C. or drying with acetone, plasma en- 
zymes were not easily separated in these ways. Neither heat nor acetone dry- 
ing, nor a combination of both treatments, demonstrated differences in sensitivity 
of the three activities of the plasma. 

The HYDROLYSIS OF THE 3-ACETYL GROUP OF DIACETYLMORPHINB (hEROIN). 

Wright (1) concluded that cholinesterases are not the enzymes responsible for 
the hydrolysis. Since recent evidence (9) indicates that there are at least two 
enzymes active in hydrolyzing acetylcholine, further experiments were needed 
to clarify this point. The plasma and liver of the guinea pig present a clear 
confirmation of Wright’s previous studies. The plasma of this species hydrolyzes 
acetylcholine rapidly and acetyl-fi-methyl-choline slowly and its liver has little 
activity on either substrate (7, 10). The hydrolysis of diacetylmorphine, on the 
other hand, is rapid in both tissues with far greater activity in the liver. Some 
studies have been done to determine whether some known enzyme is responsible 
for the removal of the 3-acetyl, or phenolic acetyl group of heroin. 

Smith et ol. (11) described an enzyme which attacks acetylsalicylic acid. We 
found that acetylsalicylic acid is hydrolyzed rapidly by guinea pig plasma, but 
only slowly by plasmas of man, dog, and rabbit. Plasmas of rabbits hydrolyze 
this substrate at approximately the same rate whether they possess monoacetyl- 
morphine esterase activity or not. Heroin, on the other hand, is hydrolyzed 
rapidly by both rabbit and guinea pig plasmas, slowly by human and not at all 
by dog plasmas. Thus, we must conclude that heroin is not hydrolyzed by the 
same enzyme that attacks acetylsalicylic acid. The above authors considered 
the acetylsalicylic acid hydrolysis a function of the liver esterase which attacks 
ethylbutyrate. Our studies of the hydrolysis of aspirin by several animal 
plasmas are at variance with this opinion. Of the four species studied, both the 
rabbit and the guinea pig had high activity on methylbutyrate. As stated above, 
however, only guinea pig plasma is very active in splitting acetylsalicylic acid. 

The relath'e activities of samples of human, dog, rabbit and guinea pig sera 
on tributyrin, methylbutyrate and heroin made it appear possible that heroin 
is hydrolyzed by the plasma tributyrinase. If we accept the results of Mendel 
and Rudney (9), who found that purified “pseudo-cholinesterase” attacks tri- 
butyrin at one-third of the rate at -which it hydrolyses acetylcholine, the tri- 
butyrin hydrolysis by dog sera is due entirely to the above enzyme. This sub- 
strate is split by tributyrinase which occurs in low concentration in human 
serum and in large amounts in the sera of rabbits and of guinea pigs (unpub- 
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lished data) . The enzymic hydrolysis of heroin by horse serum has been reported 
by Massart and Dufait (12). This also can be attributed to tributyrrinase which 
is present in fairly high concentration in horse serum. Tributyrinase is found 
in red cells (9) and it was found that hemolyzed red cells of the rabbit hydrolyze 
diacetylmorphine. 

Some experiments with rabbit and guinea pig sera and livers in which mixtures 
of substrates were employed definitely eliminated the methylbutyrate esterase 
and made it likely that the tributyrin esterase was the responsible enzyme. It is 
quite evident from figure 3 that summation of activities is complete when heroin 
and methylbutyrate are the substrates. There is either lack of summation or 
possibly inhibition when tributyrin is combined with heroin. 



Time in Minutes 

Fio. 3. The Htoroltsis of Indiwpttai. and Mixtures op Sdbstbates bt Rabbit Plasma 
T he broken lines indicate the hydrolysis expected in the presence of mixturea of sub- 
Btratea if the hydrolyBis of each Buoatrate were independent of the other. 

Thus, we may conclude that heroin can be hydrolyzed in the following manner. 
The phenolic acetyl group may be removed by tributyrinase or possibly other 
simple esterases. The alcoholic acetyl radical is removed by an enzyme which, 
for lack of knowledge of its physiological substrate, may be called monoacetyl- 
morphine esterase. 


SUMMABY 

1. The activities of the plasma and liver of the rabbit on monoacetylmorphine, 
benzoylchoiine and atropine are due to three separate enzymes. 

2. The above conclusion is based on the following observations; the relative 
activities on the three substrates of plasma as compared with liver; the distribu- 
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tion of the various enzymes in the tissues and bloods of other animals; and the 
differences in sensitivity of the various activities to esterase inhibitors, to heat 
and to drying with acetone. 

3. The hydrolysis of the 3-acetyl group of heroin appears to be a function of 
tributyrinase, but not of the enzymes which hydrolyze methylbutyratc, acetyl- 
choline, or acetylsalicylic acid. 
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FURTHER STUDIES ON THE ANTIFIBRILLATORY ACTION 
OF CORONARY DILATOR DRUGS' 


K. I. MELVILLE 
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In earlier publications from this laboratory (1, 2), it was shown that atabrine 
and papaverine can protect the heart against ventricular premature contrac- 
tions and fibrillation, following injections of epinephrine during chloroform in- 
halation in dogs under pentobarbital anesthesia. It was also shown in these 
experiments that the intracardiac injection of papaverine in conjunction with 
cardiac massage can stop chloroform-epinephrine ventricular fibrillation pre- 
viously induced under similar conditions, and restore a normal coordinated 
heart beat. Since both atabrine (3) and papaverine (4, 5) are potent coronary 
dilator agents, it was suggested that their antifibrillatory effects were due to 
this action. 

In view of these observations it was of interest to test the effects of various 
other types of coronary dilator drugs against chloroform-epinephrine ventricular 
premature contractions and fibrillation. The object of this paper is to present 
the results obtained with ephedrine, amyl nitrite, sodium nitrite, and nitro- 
glycerine. 

The effects of ephedrine on chloroform-epinephrine ventricular fibrillation 
have not previously been tested, probably because as is well known, ephedrine 
itself can induce ventricular premature contractions. It has however, been 
repeatedly noted that ephedrine, imlike epinephrine, never induces ventricular 
fibrillation during chloroform administration. 

Dautrebande and Charlier (6, 7) have studied the effects of amyl nitrite and 
sodium nitrite in both benzol-adrenaline, and chloroform-adrenaline syncope, 
and have reported that both of these agents can protect the circulation against 
these types of collapse. The electrocardiographic changes associalted with these 
effects were not studied by these workers, and it was suggested that the favor- 
able effects of the nitrites are due to their peripheral vasodilator actions causing 
a fall in blood pressure which prevents the adrenaline pressor response and hence 
the initiating factor in adrenaline fibrillation. 

In view of this suggestion and in view of the extremely high blood pressure 
levels observed without fibrillation during the course of the experiments to be 
described with ephedrine, it was also of interest to study the influence of chloro- 
form inhalation upon the circulation, while the blood pressure was being main- 
tained at a high level by the continuous intravenous injection of epinephrine 
itself. 

‘ Presented in part at the III Interamerican Cardiological Congress, Chicago, June 15th, 
1948. 
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llETHODS. Dogs anesthetized with sodium pentobarbital were used. Artificial respira- 
tion was maintained throughout by means of a Starling pump attached to a tracheal can- 
nula. 

Chloroform was administered as desired by connecting the chloroform bottle with the 
inlet of the artificial respiration circuit close to the tracheal cannula, as previously described 
(1). After 5 minutes of chloroform the effects of intravenous injections of either a small 
dose (0.002 mgm. per kgm.) or a large dose (0.02 mgm. per kgm.) of epinephrine were tested. 
The coronary dilator agent to be studied— ephedrine (0.5 to 5 mgm. per kgm.), amyl nitrite 
(15 to 30 secs, inhalation), sodium nitrite (10 to 20 mgm. per kgm.) or nitroglycerine (0.05 
to 0.5 mgm. per kgm.) — was administered 1 to 2 minutes prior to the epinephrine. 

Blood pressure was recorded directly from a common carotid artery and electrocardio- 
grams (Lead II) taken at frequent intervals during the course of all experiments. 

In some experiments the vagus nerves were cut, either at the beginning or during the 
course of the experiment. 


TABLE 1 


Effects of ephedrine on occurrence of ventricular premature beats and fibrillation following 
injection of epinephrine during chloroform 


EXP. 

KO. 

^•EICHT or 

DOG 

DOSE OF 
EPHEDEIKE 

DOSE OE 
EPIKEFHRIXE 

RESULTS 


tgm. 

mgm. Per tgm. 

mgm. per t£m. 


1 

6.0 

2.5 

0.002 

1 Premature beats, no fibrillation 

2 

9.0 

2.5 

0.02 

Premature beats, no fibrillation 

3 

9.0 

2.5 

0.002 

No premature beats, no fibrillation 

4 

13.2 

5.0 

0.02 

Premature beats, no fibrillation 

5 

6.1* 

0,5 

0.02 

Premature beats, no fibrillation 

6 

5.0* 

1.0 

0.002 1 

No premature beats, no fibrillation 

7 

5.0’ 

1.0 

0.02 

Premature beats, no fibrillation 

8 

5.0* 

2.5 

0.02 

Premature beats, no fibrillation 

9 

34.8* 

5.0 

0.02 

Fibrillation 


* Vagotomized. 


All injections were made into an exposed femoral vein. Amyl nitrite was administered 
by inhalation in similar fashion to chloroform — the container of amyl nitrite replacing the. 
chloroform bottle in the artificial respiration circuit for 10 to 30 seconds, as needed. 

Results. 1. Effects of ephedrine. The effect of a previous injection of 
ephedrine upon the chloroform-epinephrine response was tested in nine experi- 
ments. The results obtained are summarized in table 1. 

Figures, 1, 2 and 3 show some examples of these results. Thus, from fig. 1, 
it may be seen that during a prolonged pressor response to ephedrine during 
chloroform, injection of a small dose of epinephrine induced a further pressor 
response associated with a sinus tachycardia and progressive T-wave depression 
but no ventricular premature beats (records nos. oa and 5b), Five minutes 
later injection of a large dose of epinephrine during similar chloroform adminis- 
tration again led to an irregular pressor response associated with several ven- 
tricular premature contractions but no fibrillation (records nos. 8a, 8b, and 9). 
These ventricular irregularities persisted until the vagi were cut (record no. 10). 

Figure 2, which is a continuation of the previous experiment, shows the effects 
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•Di ^ Continuation of experiment sho^in in fig 1 (after an interval of 60 minutes) 
lilood pres^re tracing and electrocardiograms (Lead II) taken at nos 11 to 16 — records 
nos 13a and 13b, and 16a and 16b, respectively, are continuous Bi — epinephrine (0 0D2 
ingin per kgm ) Ct — epinephrine (0 02 mgm per kgm ) 
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Fig. 3. Dog, female, 5.0 kgm. Sodium pentobarbital anesthesia. Artificial respiration. 
Vagotomized. Blood pressure tracing and electrocardiograms (Lead II) taken at nos. 1 
to 9. A — ephedrine (2.5 mgm. per kgm.). B and Bi — epinephrine (0.02 mgm. per kgm.). 
An interval of 45 minutes elapsed between B and Bi. 

of similar repetitions of chloroform and epinephrine one hour later, after the 
blood pressure had returned to the control level. Again, the small dose of 
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epinephrine induced a pressor response, but still no evidence of ventricular pre- 
mature contractions (records nos. 13a and 13b), as are usuallj’’ observed with 
such a dose, showing that some effect of ephedrine was probably still present. 
The injection of a large dose of epinephrine however induced the usual tjTiical 
ventricular fibrillation (records nos. 16a and 16b). > - 

Figure 3 shows another example of the antifibrillatory action of ephedrine. 
In this experiment, following the epinephrine there was an irregular pressor 
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Fig. 4: Dog, male, 4 5 kgm. Sodium pen* ’ ■ ■ ■ 'l . Artificial respiration 
Vagotomized. Blood pressure tracings and ■ • • : ii ■ I.«ad II) taken at nos. 1 

to_12. An interval of 30 minutes elapsed beiueen nos. G and V. Periods of continuous 
epinephrine infusion are shorni — a concentration of 0 02 mgm. per kgm. per min. was em- 
ploj-ed during the first infusion, and 0.04 mgm. per kgm. per mm. during the second. The 
volume injected was 1 cc. per min. 

response associated with the appearance of ventricular premature contractions 
(records nos. 4 and 5) but no fibrillation. Later, repetition of chloroform and 
epinephrine induced the usual ventricular premature contractions followed by 
fibrillation (record no. 9). 

In some of the experiments with ephedrine it was also observed that ventricular 
premature contractions sometimes followed the injection of similar doses of 
ephedrine during chloroform. The superimposed injection of a large dose of 
epinephrine in such experiments however induced a good pressor response asso- 
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dated vith numerous premature contractions but no fibrillation. Furthermore, 
in none of the experiments vith chloroform and ephedrine alone did fibrillation 
occur. 

It is clear from the above data that ephedrine in some way or other can protect 
the heart against chloroform-epinephrine ventricular fibrillation, although it can 
induce ventricular premature contractions itself. 

The extremely high blood pressure levels shown in the above experiments 
would also suggest that in chloroform-epinephrine ventricular fibrillation, the 
blood pressure rise per sc is not the important or initiating factor in this phe- 
nomenon. Furthermore, as can be seen in fig. 4, two administrations of chloro- 
form for 5 minute periods during prolonged continuous intravenous injections of 
epinephrine did not induce fibrillation, despite the fact that the blood pressure 
was being maintained at a high level (200 mm. of mercury) when the chloroform 

TABLE 2 


Effects of amyl nitrite on occurrence of ventricular premature beats and fibrillation following 
infection of epinephrine during chloroform 


tXT. 

KO. 

WEIGHT OF 
DOG 

DURATION OF 
AilYL NITRITE 
ADMINISTRA- 
TION 

DOSE OF 
EPINEPHRINE 

results 


kgm. 

! sec. 

mgm. per kgm. 

1 

1 

7.9 

15 

0.002 

No premature beats, no fibrillation 

2 

13,6 

20 

0.02 

Fibrillation 

3 

8.7 

30 

0.02 

No premature beats, no fibrillation 

4 

8.5 

30 

0.02 

No premature beats, no fibrillation 

5 

10.4 

30 

0.02 

No premature beats, no fibrillation 

6 

10.0* 

15 

0.002 

No premature beats, no fibrillation 

7 

7,0* 

20 

0.02 . 

Fibrillation 

s 

4.0* 

30 

0.02 

No premature beats, no fibrillation 

9 

8.7* 

30 

0.02 

No promature beats, no fibrillation 

10 

7.9* 

30 

0.02 

No p-emature beats, no fibrillation 


* Vagotomized. 


was Started. During the first infusion of a dose of 0.02 mgm. of epinephrine 
per kgm. per min. chloroform induced some ventricular irregularities (records 
nos. 3, 4 and 5). During the second administration of a larger dose of epineph- 
rine (0.04 mgm. per kgm. per min.), a similar administration of chloroform 
induced onlj’ a slight depressor response but no evidence of ventricular premature 
beats or fibrillation (records nos. 9, 10 and 11). Similar results have been ob- 
senmd in five other experiments. These results show clearly that chloroform- 
epinephrine fibrillation is related to some other effect of an epinephrine injection, 
rather than to the blood pressure level, and also that this effect is only an initial 
action of the epinephrine which is not in evidence later on. 

2. Effects of amyl nitrite, sodium nitrite and nitroglycerine. The effects of 
amyl nitrite were tested in 10 different experiments and the results obtained are 
summarized in table 2. 
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Figures 5 and 6 show some examples of these effects. Thus from fig. 5, it is 
seen that a small dose of epinephrine injected after 15 seconds of amyl nitrite 
induced a good pressor response but no ventricular irregularities (record no. 6). 
In contrast, the same dose of epinephrine injected later in the experiment during 
similar chloroform administration induced ventricular fibrillation (record no. 9). 



1 - 


Fig. 5. Dog, female, 10.0 kgm. Sodium pentobarbital anesthesia. Artificial respiration. 
\ agotomized. Blood pressure tracings and electrocardiograms fLead II) taken at nos. 
lto9. A, C and D — epinephrine (.0.002 mgm per kgm.). B — amyl nitrite inhalation for 
15 seconds. An interval of 35 minutes elapsed between C and D, and 15 minutes between 
A and B. 


It maj' also be seen that the pressor responses to epinephrine were rather similar 
before (A) and after (C) the amyl nitrite administration. 

Figure 6 shows results obtained with large doses of epinephrine after previous 
amyl nitrite administration during chloroform, before and after vagotomy. In 
each instance there was a good pressor response but no evidence of ventricular 
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Fig. 6. Dof ~"'- ® •’ ' — «'--■■ . . ' •• ’anesthesia. Artificial respiration. 

Blood pressurt ‘ ’'I) taken at nos. 1 and 2 tla and lb, 

and 2a and 2b and A, — amyl nitrite inhalation for 

.0 seconds. B and B, — epinephrine (0.02 mgm. per kgm.). An interval of 35 minutes 
^lapsed betiveen A and A,, and the vagus nerves were cut 20 minutes before Ai. 


TABLE 3 


Effects of sodinm mlriU on occurrence of ventricular premature beats and fibrillation following 
injection of epinephrine during chloroform 


EXP 

NO 

n^'eicht or 

DOC 

DOSE OFSODILM 
NITRITE 

DOSE OF 
EPINEPHRINE 

RESULTS 


! hff* 

rngnt per kgm 

mgm per kgm 



1 

8 2 

10 0 

0 002 

Xo premature beats, 

no fibrillation 

2 

12 4 

20 0 

0 002 

No premature beats, 

no fibrillation 

3 

8 2 

10 0 

0 02 

Premature beats, no 

fibrillation 

4 

7 -4 

10 0 

0 02 

Fibrillation 


5 

13 S* 

10 0 

0 002 

No premature beats, 

no fibrillation 

6 

13. S* 

20.0 

0 02 

Premature beats, no 

fibrillation 


* Vagotomized 


premature contractions or fibrillation (records nos. la and lb, 2a and 2b). A 
marked sustained sinus tachycardia (300 beats per min.) occurred in both cases. 
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It is thus clear that amyl nitrite can effectively protect the heart against the 
deleterious effect of epinephrine during chloroform, and exerts this effect in 
doses which do not lessen the pressor responses to epinephrine. In one experi- 
ment however, when the dose of amyl nitrite was relatively large (30 seconds of 
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Fig. 7. Dog, male, 13.8 kgm. Sodium pentobarbital anesthesia. Artificial respiration. 
Vagotomized. Blood pressure tracing and electrocardiograms (Lead II) taken at nos. 1 to 
o— ^records nos. 5a and 5b are continuous. A — sodium nitrite (20 mgm. per kgm.). B — 
epinephrine (0.02 mgm. per kgm.). 


inhalation in a 4 kgm. dog), there was a marked depressor response, and the 
injection of a large dose of epinephrine then induced only a gradual restoration 
of the control blood pressure level, but no evidence of the usual intense pressor 
response as shown in fig. 6. In this experiment however, there was again no 
evidence of any ventricular irregularity. 
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Results of six experiments in which sodium nitrite was tested are summarized 
in table 3. 

Figure 7 shows an example of one of the above experiments in which injection 
of a large dose of epinephrine after sodium nitrite induced a good pressor re- 
sponse and a transitory paroxysm of ventricular premature beats (records nos. 
5a and 5b) but no fibrillation. 

Even with the largest doses of sodium nitrite emploj'ed in the above experi- 
ments, the protection afforded was never as complete as in the experiments with 
either amyl nitrite or nitroglycerine, and transient premature contractions always 
occurred with large doses of epinephrine, although there was no fibrillation. It 
is apparent therefore that sodium nitrite is less effective than the other two 
agents. 

Finally, in table 4 are summarized the results obtained in six experiments 
irith nitroglycerine. 


TABLE 4 


Effects of nitroglycerine on occurrence of ventricular premature beats and fibrillation following 
injection of epinephrine during chloroform 


EXP. 

NO. 

yrTICHT OF 
DOG 

DOSE OF 
NITROGLY- 
CERINE 

DOSE OF 
EPINEPHRINE 

RESULTS 



mgm. per kim. 

mgm. per kgm. 


1 


mSm 

■Sm 

No premature beats, no fibrillation 

2 




No premature beats, no fibrillation 

3 

9.0 


0.02 

Fibrillation 

4 

22.0* 


0.02 

Premature beats, no fibrillation 

5 

8.7* 

0,5 

0.02 

No premature beats, no fibrillation 

6 

8.7* 

0.5 

0.02 

No premature beats, no fibrillation 


* Vagotomized. 


Figure 8, shows an example of one of these experiments in a vagotomized 
animal. This needs no further comment. A similar injection of epinephrine 
during chlorofonn later in this experiment induced typical ventricular fibrilla- 
tion. 

These results show that nitrogljxerine can protect the heart against chloro- 
form-epinephrine ventricular premature contractions and ventricular fibrilla- 
tion, and that under such conditions, adrenaline can still induce a good pressor 
response. It might be added that as in the experiments with amyl nitrite, when 
the depressor response to nitroglycerine is very intense, the pressor response to 
adrenaline may also be greatly lessened. 

Discussion. The experiments presented above show definitely that ephed- 
rine, amyl nitrite, sodium nitrite, and nitroglycerine in suitable doses can protect 
the heart against ventricular premature contractions and fibrillation following 
injections of epinephrine during chloroform inhalation. In the case of ephed- 
rine, it is clear, however, that this effect is complicated by the tendency of 
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Fio. 8. Dor, male, 8.7 kgm. Sodium pentobarbital anesthesia. Artificial respiration. VaRotomizod. Blood pressure 
traoiiiR and electrocardiograms (Load 11) taken at nos. 1 to 5 — records nos. la and 4b are continuous, A — nitroglycerine 
(0 5 mgm per kgm.), B— epinephrine (0.02 mgm, per kgm.). 
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ephedrine itself to induce ventricular premature contractions. Despite this fact 
and despite the intense pressor responses observed with the combination of 
ephedrine and epinephrine, ventricular fibrillation does not ensue. Moreover, 
it has also been demonstrated that the inhalation of chloroform for periods of 
5 minutes during continuous intravenous epinephrine injections does not induce 
ventricular fibrillation, although the blood pressure was being maintained at a 
high level when the chloroform was started. In addition, in the cases of amyl 
nitrite, sodium nitrite and nitroglycerine, it is seen that these agents protect 
against epinephrine cardiac irregularities without affecting the pressor response 
to epinephrine. Larger doses of these agents may however lessen the pressor 
response to adrenaline. 

The above results do not indicate that ventricular premature contractions 
and fibrillation induced by epinephrine are due primarily to the abrupt pressor 
effect of epinephrine but rather to some other factor which is present immediately 
after the epinephrine injection but not in evidence during prolonged injection 
of epinephrine. 

As in our previous studies, the results obtained on the vagotomized and on 
the non-vagotomized animal, do not suggest any fundamental difference in re- 
spect to the initiation of ventricular fibrillation under these different conditions. 
It is obvious, however, that vagotomy can abolish some ventricular premature 
contractions, which occur particularly when the blood pressure is exceedingly 
elevated. On the other hand, ventricular premature contraction and fibrilla- 
tion readily occur in non-vagotomized animals with large doses of epinephrine. 

In view of the fact that none of these drugs in antifibrillatory doses induces 
any evidence of diminished myocardial conduction judging from the electro- 
cardiograms, and in view of the fact that all of these agents are known to dilate 
the coronarj" blood vessels, it is suggested that their antifibrillatory effects are 
due to this latter action. 


SUMMARY 

1. In dogs anesthetized with sodium pentobarbital and artificially respired, 
administrations of ephedrine, amyl nitrite, sodium nitrite and nitroglycerine in 
suitable doses, can protect the heart against ventricular premature contractions 
and fibrillation following injections of epinephrine during chloroform inhalations. 
Under these conditions the pressor response to epinephrine is not prevented by 
the nitrites and may be added to that of ephedrine. 

2. It is also shown that when the blood pressure is being maintained at a high 
level by continuous intravenous injections of epinephrine, similar chloroform 
inhalations do not induce fibrillation. 

3. These results do not suggest that the pressor response to epinephrine is the 
initiating factor in this type of fibrillation. 

4. It is suggested that the antifibrillatory effects of these agents are due to 
their coronary dilator actions. 
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In these laboratories we have studied a large series of n-propyl and isopropyl 
amines chemically similar to ephedrine. The purpose of this investigation was 
to obtain compounds more active than ephedrine as bronchodilators and possess- 
ing little or no pressor activity. The hydroxy and methoxy-phenyl-n-propyl- 
amine series was synthesized (1, 2), and the bronchodilator activity, toxicities, 
and pressor properties were reported (3). The conclusion reached was that the 
most active bronchodilator compounds, as determined by perfusion of the iso- 
lated rabbit’s lung according to the method of Sollmann and von Oettingen (4), 
generally were methoxy derivatives with low pressor activity. This lack of 
parallelism of bronchodilation and pressor activity offered further evidence, 
therefore, that amines of this type cannot be adequately evaluated by pressor 
ratios alone. 

Although several of these /3-methoxyphenyl-n-propylamines possessed com- 
paratively high bronchodilator activity, when eompared with ephedrine in the 
lung perfusion experiments, they were relatively less effective than ephedrine 
when tested orally in human cases of asthma. Such lack of oral efiBcacy can be 
explained, in the light of the findings of Beyer (5), on the basis that the tissue 
enzyme, amine oxidase, rapidly oxidizes the normal propyl amines, those having 
the amino group on the terminal carbon atom of the side chain. In vitro, en- 
Z 3 rmic oxidative deamination studies in this laboratory showed, as Beyer found 
with ephedrine, that the methoxyphenyl isopropylamines, in contrast with the 
n-propylamines, were not oxidatively deaminated. A series comprising primary, 
secondary, and tertiary methoxyphenyl isopropylamines was therefore syn- 
thesized (6, 7). 

Some of these compounds were included in a previous brief summary of 
pharmacologic data obtained with a large number of compounds of this series 
(8). The enhancement of bronchodilator effect, according to earlier observa- 
tions, generally was obtained by employing methoxyphenyl rather than hy- 
droxyphenyl groups, by the use of the isopropyl rather than the n-propyl groups, 
and by the addition of a methyl group on the amino group to form a secondary 
amine. Further work has substantiated these preliminary observations and 
it can be concluded, thus far, that the compound ortho-methoxy-/3-phenyliso- 
propyl methylamine hydrochloride, for which the name ‘Orthoxine’ has been 
chosen, possesses in a very high degree a specific bronchodilator activity with 
little or no pressor activity. More extensive studies were carried out with 
‘Orthoxine’, in which it was compared directly u-ith ephedrine. Its specific 
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effect in counteracting spasms was further shown by its greater potency than 
ephedrine in relieving intestinal smooth-muscle spasms as well as bronchial- 
muscle spasms induced by the constrictor agents pilocarpine, histamine, acetyl- 
choline and barium cations. 

JIethods. The pharmacologic studies made on this series of metho.xy isopropj'lamines 
include acute toxicities, blood pressure determinations, and bronchiolar actions. Details 
of these preliminary evaluating methods were previously outlined in this journal (3) . The 
toxicity data summarized in table 1 are based on a total of 293 rats. Each rat was used 
only once. After preliminary orientation tests, not less than three groups of five rats each 
were used in the range of the L.D.so ± 10 mgm. per kgm. 

In addition, ‘Orthoxine’ has been studied in more detail and compared directlj’ to ephed- 
rine sulfate. Smooth-muscle tests have been carried out (method of Magnus) using the 
isolated ileum of the rabbit and jejunum of the guinea pig. The effect of this substance on 
isolated rabbit uterine strips also was determined. 

The bronchodilator activity of ‘Orthoxine’ was evaluated in comparison with ephedrine 
using the three bronchoconstrictor agents pilocarpine, histamine, and acetylcholine. 

A comparison of the rates of o.xidativc deamination of ‘Orthoxine’, ephedrine, and several 
n-propjdamines by amine oxidase was made by tests in vitro employing the Warburg appa- 
ratus. 

Blood pressure studies were done on adult male dogs anesthetized with morphine-chlore- 
tone orallj' and sodium phenobarbital intraperitoneally. 

Heart rate and respiratory rate determinations were made on unanesthetized adult 
male dogs. 

Acute toxicities were carried out intravenously, orally, and subcutaneously in both rats 
and rabbits. The toxicity data summarized in table 3 are based on a total of 247 rats and 
93 rabbits. Each animal was used only once. After preliminary orientation tests not less 
than 3 groups of 5 rats and 3 rabbits each were used in the range of the L.D.to. Intrave- 
nously in rats and rabbits the range was L.D.so db 10 mgm. per kgm. Subcutaneously in 
rats and rabbits the range was L.D.so ± 25 mgm. per kgm. Orally in rats and rabbits the 
range was L.D.so ± 50 mgm. per kgm. All the toxicity data in table 3 are calculated using 
the method of Dragstedt. 

Chronic toxicity studies involving daily doses for 21 consecutive days were done using 
80 rats, 30 rabbits, and 15 guinea pigs. Each of these species was administered the test 
substances subcutaneousl}', while only rats and rabbits were administered the drugs orally 
by catheter. Immediately following the termination of the chronic toxicity study, all the 
animals involved were subjected to autopsy, and tissues were preserved for pathologic 
examination. 

Results. Table 1 outlines the preliminary pharmacological results obtained 
with this isopropyl amine series. Primary, secondary, and tertiary amines were 
studied with substitutions on both the amino-nitrogen and the phenyl-nucleus. 
Only monomethoxy substitutions in the ortho-, meta-, and para-positions on 
the ring are here reported. The amino-nitrogen substitutions were methyl, 
ethyl, benzyl, and di-methyl. Of the 14 amines studied, ‘Orthoxine’ xvas chosen 
as the most interesting, since it had a low toxicity, high bronchodilator activity, 
practical lack of pressor action and was relatively easy to prepare synthetically. 
Consequentlj% a more detailed study was given this substance. 

Cardiovascular responses. 1. Blood pressure activity. In many experi- 
ments with anesthetized dogs prepared for recording of blood pressure, the 
absence of significant pressor activity for ‘Orthoxine’ (EH'\V-2S6) was observed. 
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Typical responses are given in figures lA and IB. As can be seen in figure lA, 
a 5 mgm. dose of ‘Orthoxine’ given intravenously to an atropinized dog, caused 

■ TABLE 1 


COJf- 

roUND 

num- 

ber 

rORilULA 

ACUTE 

TOXICITY 

I.V. IK RATS 

PRESSOR 
RATIOS INDOCS. 
EPINEPHRINE 
ONE 

BRONCHIAL 
RATING AGAINST 
PILOCARPINE 
CONSTRICTION 

1 

CH 

A 

v 

CH— NH.-HCI 

PCH, 

mzm.lkgm. 

60 

1/1000 

-2 

2 

CH 

A 

\/ 

CH— NH,-HCI 

1 

CH, 

OCH, 

40 

1/250 

6 

3 

CH 

A 

oc 

CH— NH.HCI 

1 

i CH, 

1 

!H, 1 

30 

i 

1/250 

4 

4* 

Orth 

oxine 

5 

CE 

o 

[, CH-N HCl 

L, \h, 

60 

1 

Depressor 
to 1/2000 

12 

CE 

A 

\/ 

H 

/ 

CH— N -HCl 

i \ 

CH, CH, 

OCH, 

35 

1 

1/500 

j 

5 

1 

6 

H 

/ 

CH,— CH— N -HCl 

A > 

I ] CH, CH, 

M 

OCH, 

40 

1/225 
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• Orthoxine. 




















TABLE 1 — Continued 


COM- 

POUND 

NUM- 

BER 

FORMULA 

ACUTE 

TOXICITY L.D.S0 
I.V. IN RATS 

PRESSOR 
RATIOS IN DOCS. 
EPINEPHRINE 
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BRONCHIAL 
RATING AGAINST 
PILOCARPINE 
CONSTRICTION 


CHi 

Ac 

A 

CH, 

/ 

CH— N -HCl 

)CH, Ah, 

mim.fhtm. 

40 

Depressor 

9 

8 

CH, 

U' 

CH, 

/ 

CH— N -HCl 

1 \ 

CH, CH, 

3CH, 

40 

<1/200 

i 

10 

9 

CH 

A 

V 

oc 

CH, 

/ 

,-CH— N -HCl 

1 \ 

CH, CH, 

H, 

50 

1/1600 

i 

12 

10 

CH 

A 

A 

H 

/ 

L, CH— N -HCl 

CH, Ah,<^ ^ 

20 

Depressor 

9 

11 

CI 

H 

/ 

I,— CH— N -HCl 

1 CH, CH,/ ^ 

JoCH, 

20 

1/2000 

7 

12 

H 

/ 

CHr-CH— N -HCl 

CH, ^CH,<^ ^ 

OCH, 

15 

<1/2000 
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TABLE 1 — Continued 


COM- 

POUND 

KUU- 

B£K 

1 rORilUtA ^ 

ACUTE 

TOXICITY L.D.50 
l.V. IN RATS 

PRESSOR 
RATIOS IN DOCS 
EPINEPHRINE 
ONE 

BRONCHIAL 
RATING AGAINST 
PlLOCAtiTlSZ 
CONSTRICTION 

13 


CH 

A 

\/ 

H 

/ 

^CH— N -HCI 

1 \ 

CH, C,H, 

CCH, 

mgm.fkgm. 

Material 
inadequate : 

j 

>1/500 

V. 

4 

14 


CB 

oc 

H 

/ 

CH— N -HCI 

1 \ 

CH, C-H, 

H, 

40 

<1/350 

1 


a transient fall in arterial pressure of 18 mm. Hg. In this particular experiment 
the effect of ‘Orthoxine’ on histamine vasodepression also was recorded. The 
5 mgm. dose caused a 3G per cent inhibition of the vasodepression produced by 
2.5 micrograms of histamine. In figure IB there is recorded a typical transient 
depressor response to a larger dose (25 mgm.) of ‘Orthoxine’. This dose pro- 
duced a fall in arterial pressure of 24 mm. Hg. The very definite inhibition of 
the pilocarpine response is noteworthy, but this property has not been investi- 
gated further. There was no appreciable effect of ‘Orthoxine’ on the pressor 
response to epinephrine. 

The well-known pressor effect of ephedrine, observed by Chen and Schmidt 
(9), has been obsen^ed repeatedly in these as well as other laboratories. In both 
atropinized and non-atropinized dogs, ephedrine has 1/250 the pressor activity 
of epinephrine. ‘Orthoxine’, on the other hand, always produces slight vaso- 
depression in atropinized dogs. In non-atropinized dogs either no effect on 
the blood pressure or slight increases were observed. In no experiment where 
atropine was not administered did the pressor response to ‘Orthoxine’ exceed 
1/2000 that of epinephrine. ‘Orthoxine’ at a dose of 0.5 cc., 1:100, (5 mgm.) 
produced less pressor response than that produced by 0.25 cc., 1:100,000, (2.5 
micrograms) of epinephrine. In most instances no pressor response was ap- 
parent. A vasodilator capacity of ‘Orthoxine’ is therefore evident which is 
masked by the intact parasjTnpathetics. As soon as the latter are blocked by 
atropine only vasodepression is obtained, whereas ephedrine and other similar 
amines such as amphetamine 03-phenyl-isopropylamine) and ‘Propadrine 
03-phenyl-isopropanolamine) always effect a pressor response. 

2. Heart rate studies. iMeek and Seevers (10) obseia’ed in a large group of 
dogs that intravenous doses of 1 to 5 mgm. of ephedrine per kern, “almost alwa 3 'S 
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resulted in initial bradj'cardia, shortly followed by peculiar grouping of beats 
■uith two or three cj'cles bejug separated by pauses.” Heart rate and respira- 
torj’ rate studies in these laboratories, comparing ‘Orthoxine’ with ephedrine, 
have substantiated the results of Meek and Seevers with ephedrine and, in 
addition, we have observed the effects of ‘Orthoxine’ on the normal dog. The 
results of one of these observations appear in table 2. It is evident from this 
table that at twice the dose of ephedrine, ‘Orthoxine’, in a dose of 10 mgm. per 




Fig.I. a. Dog blood pressure. Anesthetic= sodium phenobarbital I.P. A = .\tropine 
Bulfate, 1 mgm. per kgm. (10 5 mgm.) . S = Epinephrine, 2.5 micrograms. H — Histamine 
base, 2.5 micrograms. EHW-286 = ‘Orthoxine,’ 5 mgm. Time interval = 5 seconds. 
B. Dog blood pressure. Anesthetic = sodium phenobarbital I.P. S = Epinephrine, 
10 micrograms. Pilo = Pilocarpine hydrochloride, 1 mgm. EHW-2S6 = ‘Orthoxine,’ 
25 mgm. Time interval — 5 seconds. 


kgm. subcutaneously, did not appreciably alter the do^s heart rate. Xo brady- 
cardia or arrhj’thmia was observed. Respiratorj’ rate, however, was increased 
and the depth decreased. At 20 mgm. per kgm., or 4 times the ephedrine dose, 
‘Orthoxine’ did produce the tj'pical bradycardia that is observed with ephedrine 
at the smaller dose but no arrhythmia was noted. In fact the dog’s heart rate 
definitely became more regular and appeared more forceful- Respirations were 
again fast and shallow. 

BnoN‘CHODii,.tTOR .ACTIVITY. Using the isolated rabbit lung method of Soll- 
mann and von Oettingen, ‘Orthoxine’ was compared directly to ephedrine for 
its broncho-dilator properties. 
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1. Pilocarpine hronchoconstriction. When tested alone against pilocarpine 
constriction, ‘Orthoxine’ exerted a consistent and regular bronchodilator action 
represented by an average increase of 13 bubbles per minute. 

TABLE 2 


Heart rale and respiration studies 


ephedrine SOt — 5 ugu./kgu. 

ortboxine—IOmcu./ecu. 

ORTHOXINE— 20 MCU./eCM. 



Respira- 



Respira- 



Respira- 

Time 

Heart rate 

tlons i>er 

Time 

Heart rate 

tions per 

Time 

Heart Rate 

tions per 



minute 



minute 



minute 


heats per 



beats per 



beats per 



minute 



minute 



minute 


10:10 


mm 

1:45 

61* 

16 


80* 

20 

10:12 

mm 


1:48 

60* 


2:02 

78* 

20 

10:14 

os* 

20 

1:51 

60* 

16 


78* 

20 

10:16 

68* 

20 

1:54 

59* 


m 9 

72* 

22 

10:20 

68* 

20 

1:57 

60* 

16 

2:10 

78* 

22 

Ephed. inj. 5 mgm./kgm. 

2:00 

60* 


2:12 

76* 

22 

(51 mgm.) 


2:03 

60* 

16 

2:15 

76* 

23 

10:27 

6St 


Orthoxine inj. 10 mgm./kgm. 

Orthoxine inj. 20 mgm./ 




(103 mgm.) 

kgm. (206 mgm.) 

10:29 

68t 

21 

2:05 

60 

16 

2:22 

76 

23 

10:34 


16 

2:11 


16 

2:24 

74 

23 

10:36 

68t 

21 

2:15 

56| 

16 

2:27 

72 

29 

10:38 

68t 

21 

2:18 

58§ 

16 


72 


10:40 

60t 

22 

2:21 

53§ 

16 

2:32 

68 

301 

10:42 

sot 

20 

2:25 

56| 

16 

2:34 

68 

301 

10:43 

48t 


2:27 

56§ 


2:36 

62§ 

321 

10:44 

48t 

21t 

2:28 

58§ 


2:37 

62§ 

341 

10:47 

46t 

22t 

2:30 

S8§ 

221 


62§ 


10:50 

40t 

18t 

2:33 

56§ 

221 

2:45 

60§ 

361 

10:51 


17t 

2:35 


221 

2:51 

60§ 

421 

10:53 

40t 

181 

2:38 

56§ 


2:58 

56§ 

501 

10:55 


181 

2:44 

56§ 

261 



561 

10:57 


201 

2:46 

58§ 

241 

3:10 

58§ 

421 

10:59 

41t 

24t 

2:48 

56§ 


3:15 

S8§ 

371 

11:03 

40t 

32t 

2:50 

60§ 

281 


62§ 

321 

11:06 

40t 

321 

2:53 

56§ 

301 

3:45 

62§ 

331 

11:10 

41t 

301 

2:55 

58§ 

321 

3:47 

60§ 

321 

11:15 

40t 

281 

2:58 

56§ 

321 

3:51 

60§ 


11:20 

40t 

321 

3:00 

56§ 

321 

3:55 

62§ 

321 

11:23 

40t 

341 







11:25 

40t 

321 







11:30 

40t 

321 








* Irregular. 

t Irregular — in groups of 3 beats, 
t Fast and shallow. 

§ Regular and stronger. 

Figme 2 shows the direct comparison of ‘Orthoxine’ and ephedrine against 
pilocarpine bronchoconstriction. The average increase in bubbles per minute 
produced by ‘Orthoxine’ equals 12, while comparable doses of ephedrine pro- 
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duced a bronchodilation represented by an average increase of 5.5 bubbly per 
minute. By tbis metbod, tberefore, ‘Ortboxine’ is about twice as effective as 
epbedrine against pilocarpine broncboconstriction and 1/20 as effective as 
epinepbrine. 

2. Histamine bronchoconsiriciion. Against histamine broncboconstriction 
‘Ortboxine’ was consistently superior to epbedrine as a broncbodilator. Figure 3 
depicts tbe results of one of these experiments. In tbis chart the broncbodilation 
produced by 5 and 10 mgm. doses of ‘Ortboxine’ is represented by an average 
increase in bubbles per minute of 7, w’hile epbedrine at comparable doses pro- 
duced an average increase of only 1. From several comparisons against his- 



tamine, ‘Ortboxine’ was found to be more than twice as effective as epbedrine 
and about 1/5 as effective as epinephrine. 

3. Acetylcholine chloride bronchoconstriction. The broncbodilator effect after 
acetylcholine also was determined in several experiments. If responses to aU 
doses are averaged, ‘Ortboxine’ is of about the same activity as epbedrine. If 
one compares only initial responses obtained at tbe time of greater sensitivity, 
‘Ortboxine’ consistently was found more active than epbedrine against acetyl- 
choline bronchoconstriction. Furthermore, against acetylcholine as against 
histamine, ‘Ortboxine’ is about 1/5 as active as epinephrine. 

Isolated smooth-muscle tests. 1. Histamine spasms. Emplojdng the 
isolated smooth-muscle test (method of Magnus), using strips of guinea pig 
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jejuaum, ‘Orthoxine’ was compared directly to ephedrine for its effectiveness 
in blocking the spasmogenic activity of histamine. The results of this study 
indicate that ‘Orthoxine’ is approximately 8 times more effective than ephedrine 
as a histamine antagonist (figure 4). However, this activity should not be con- 
fused Math that of the more powerful antihistaminics, since ‘Orthoxine’ was found 
to be about one-twentieth as effective as ‘Benadryl’ against histamine spasm of 
the guinea pig jejunum. 

2. Acetylcholine spasms. It has been substantiated that sympathomimetic 
substances are not only effective histamine antagonists, but also antagonize 
acetylcholine spasms. Experiments similar to those above were carried out on 



the isolated rabbit’s ileum employing acetylcholine as the spasmogenic agent. 
Figure 5 shows the results of one of these experiments. It is evident from this 
figure that ‘Orthoxine’ is 4 times as active as ephedrine in relieving acetylcholine- 
induced spasms. This definite degree of activity against acetylcholine spasms 
is of interest, but it should be emphasized that ‘Orthoxine’ is not a general anti- 
cholinergic drug since it is only 1/1000 as active as atropine in blocking acetyl- 
choline responses. 

3. Barium chloride spasms. The antagonistic action of ‘Orthoxine’ and ephed- 
rine against barium chloride spasm of the rabbit’s ileum is shown in figure 6. 
These results indicate that ‘Ortho.xine’ is about 6 times more potent than ephed- 
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rine. Compared to epinephrine, ‘Orthoxine’ is about one-tenth as effective a 
barium chloride antagonist. 

In causing relaxation of the normal contractions of the unstimulated ileum of 
the rabbit, ‘Orthoxine’ was found to possess about 5 times the activity of ephed- 
rine. 

On the non-pregnant rabbit uterus, ‘Orthoxine’ was found to be only one-half 
as effective as ephedrine in stimulating the uterus to contraction. 

Deatninalion studies. Employing the in vitro method of Beyer and Govier 
(11), enzymic oxidative deamination studies using guinea pig-liver homogenate 
were carried out in these laboratories.* ‘Orthoxine’, ephedrine, and several 
n-propylamines were tested. The results indicate that ‘Orthoxine’, like ephed- 
rine, is not deaminated, while the straight-chain amines are deaminated oxida- 
tively. It is reasonable to assume, therefore, in view of the literature reports 
and studies in these laboratories, that ‘Orthoxine’, being an isoproplyamine, 
would exhibit activity when administered orally. 


TABLE 3 

Summary of acute toxicity data 




LSt 50 (ucu /ecu ) 

SPECIES 

SOUTE OP ABMXKlSTKAnon 



Oitbozuie 

Epbednne 

Rats 

Intravenous 

so 

102 

Rabbits 

Intravenous 

>30-<35 

73 

Rats 

Oral 

630 

404 

Rabbits 

Oral 

652 

825 

Rats 

Subcutaneous 

673 

318 

Rabbits 

Subcutaneous 

269 

383 


Acute toxicity. The comparative evaluation of the toxicity of ‘Orthoxine’ and 
ephedrine was made in rats and rabbits by intravenous, subcutaneous, and oral 
administration. All rats used were adult males with an average body weight 
of 200 to 300 grams. All rabbits used were adults of both sexes with an average 
body weight of 2 kgm. Toxic signs exhibited by both species at high doses of 
both drugs consisted of violent convulsive seizures, hyperpnea, with partial or 
complete motor paralysis, followed by prostration. Animals that recovered 
from the more toxic doses usually did so in 6 to 8 hours following administration 
of the test substance. Both ‘Orthoxine’ and ephedrine, at the higher doses given 
subcutaneously to rats and rabbits, caused severe cutaneous and subcutaneous 
tissue damage at the injection site. 

'The results of this study are found in table 3. 

Chronic toxicity. Chronic toxicity studies were carried out using rats, rabbits, 
and guinea pigs. ‘Orthoxine’ and ephedrine were administered to parallel groups 
of animals daily for 21 consecutive days. The rats (200- to 300-gram males) 
and rabbits (2 kgm.; both sexes) received the drugs orally and subcutaneously. 

1 The authors are indebted to Dr. W. M. Govier for these determinations. 
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The guinea pigs were administered the drugs subcutaneously only. The daily 
oral doses of both ‘Orthoxine’ and ephedrine administered to the rats and rabbits 
were 100 mgm. per kgm. of body weight. The daily subcutaneous doses in all 
three species were 20 mgm. per kgm. of body weight. The details of these 
chronic toxicity studies appear in table 4. 

Immediately following the 21 -day test period all the animals of all groups were 
subjected to autopsy, were examined grossly and were compared to the controls. 


TABLE 4 

Chronic toxicity table — B1 days 


COMPOUND 

SOUTH OP 
ADMINIS- 
TSATION 

ANOCAL 

SFECIHS 

KO. 

OP 

AMI- 

MA1£ 

x>ose/ 

XOM. 

AVC. OAIM/ 
AMIMAI. 

IN 21 DAYS 

KESX 7 LTS 

&E 1 CAXZ 5 




■■ 

mfm. 

tm. 



Orthoxine 

oral 

rats 


100 

loss — 35 

all survived 


Orthoxine 

oral 

rats 

■!!■ 

100 

6.8 

all survived 


Ephedrine SOj 

oral 

rats 

■W 

100 

loss — ^22 

A survived 


Controls 

— 

rats 

Bf!l 

— 

18.7 

all survived 


Controls 


rats 

Bfil 

— 

56 

all survived 


Orthoxine 

oral 

rabbits 

Ba 

100 

363 

i survived 


Orthoxine 

oral 

rabbits 


100 

370 

all survived 


Ephedrine SOj.. 

oral 

rabbits 

4 

100 

390 

i survived 


Controls 

— 

rabbits 

4 

— 

375 

all survived 


Controls 

— 

rabbits 

4 


351 

all survived 


Orthoxine 

sub cu 

rats 

10 

20 

56.2 

all survived 

severe tissue 








damage at 








inj. site 

Ephedrine SO 4 . 

sub cu 

rats 

10 

20 

53.5 

all survived 

l( It 

Controls 

— 

rats 

10 

— 

56 

all survived 


Orthoxine 

sub cu 

rabbits 

3 

20 

366 

all survived 

severe tissue 








damage at 








inJ. site 

Bphedrine SO 4 

sub cu 

rabbits 

3 

20 

270 

all survived 

tt It 

Controls 


rabbits 

4 

— 

351 

ali survived 


Orthoxine 

sub cu 

guinea nics 

5 

20 

88 

all survived 

severe tissue 








damage at 








inj. site 

Ephedrine SO 4 . 

sub cu 

guinea pigs 

5 

20 

36 

all survived 

It 11 

Controls 

— 

guinea pigs 

5 

— 

92 

all survived 



Tissue samples of heart, lung, liver, spleen, stomach, duodenum, kidney, ad- 
renals, pancreas, subcutaneous and skeletal muscle tissue were preserved for 
microscopic pathologic studies. Gross examination revealed nothing abnormal 
except for the severe eutaneous and subcutaneous tissue damage at the injection 
sites of all animals administered the drug by the parenteral route. Complete 
histopathologic examinations were made by Dr. A. James French, associate 
professor of Pathology, University of Michigan Medical School at Ann Arbor, 
Michigan. No pathological changes were apparent in the tissues of rabbits, 
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rats, or guinea pigs ■which had recei'ved either 'the 20 or the 100 mgm. per kgm. 
doses of ‘Orthoxine’, since there ■were no differences from like-tissues of control 
animals or those that had recei^ved ephedrine. 

6TJMMAKT 

In the study of a large series of phenyl propylamines several members of the 
group ■were foxmd to possess greater bronchodilator actmty ■than ephedrine 
■with little or no pressor action. According to stability and activity the methoxy- 
phenylisopropylamines seemed most interesting. The intravenous toxicities, 
pressor actions, and bronchodilator properties of 14 of these amines are reported. 
Ortho-methoxy-/5-phenyliBopropyl methylamine hydrochloride (‘Orthoxine’), be- 
cause of its relatively high actmty and low toxicity, was investigated further 
with the following results: 

1. In perfusion experiments ■with isolated lungs using pilocarpine, histamiae, 
or acetylcholine as the constrictor agents, ‘Orthoxine’ was found to be on the 
average a much more effective agent than ephedrine for relieving bronchocbn- 
striction. Against pilocarpine and histamine it is more than twice as effective 
as ephedrine and about 1/5 to 1/20 as effective as epinephrine. 

2. When tested for actmty in relie^vdng intestinal smooth-muscle spasms, using 
isolated strips of jejunum or ileum, ‘Orthoxine’ was fo\md to be 4 to 8 times as 
effective as ephedrine against the spasmogenic agents, histamine, acetylcholine 
and barium chloride. Compared to epinephrine, ‘Orthoxine’ is about 1/lO as 
effective a barium chloride antagonist. In quieting the normal contractions of 
the unstimulated intestinal muscle, ‘Orthoxine’ is 5 times as effective as ephed- 
rine. On the non-pregnant uterus, ‘Orthoxine’ is only 1/2 as active as ephedrine 
in stimulating the muscle to contraction. 

3. ‘Orthoxine’ produces little or no pressor response, possessing at most in 
this regard 1/2000 the actmty of epinephrine and 1/8 that of ephedrine. Four 
times as much ‘Orthoxine’ as ephedrine must be administered to normal dogs 
to produce the bradycardia characteristic of the latter. 

4. Inhibition of histamine bronohoconstriction, vasodepression, and smooth- 
muscle spasm sho^ws that ‘Orthoxine’ possesses antihistaminic properties. The 
intestinal smooth-muscle tests indicate that the order of activity is 1/20 that 
of ‘Benadryl’ but is much greater than that of ephedrine. 

5. Except for a higher intravenous toxicity, acute and chronic toxicity tests 
in rats, rabbits and guinea pigs show that the toxicity of ‘Orthoxine’ is of the 
same order as that of ephedrine. No pathological changes were found after the 
continuous daily administration of either 20 or 100 mgm. per kgm. doses for 
21 days. 

6. The pharmacological properties of ‘Orthoxine’ suggest that it may be of 
value in the treatment of asthma, for which it is presently being clinically 
evaluated. 

The authors wish to express their appreciation for the technical assistance of 
Miss Barbara Truax and Mrs. Jack Richmond. 



166 


BOYD E. GHAHAJI AND 'IfARVIN H. KUIZBNGA 


REFERENCES 

1. WooDKUFF, E. H.: J. Am. Chem. Soc., 64: 2859, 1942. 

2. Woodruff, E. H., and Pierson, E.: J. Am. Chem. Soc., 60: 1075, 1938. 

3. Graham, B. E., and Cartland, G. F.: This Journal, 81: 360, 1944. 

4. SoLLMANN, T., AND VON Oettingen, W. F. : Proc. Soc. Exper. Biol. & Med., 26: 692, 

1928. 

5. Beter, K., and Lee, W. V.: This Journal, 74: 155, 1942. 

6. Woodruff, E. H., Lasiboot, J. P., and Burt, W. E.: J. Am. Chem. Soc., 62: 922, 1940. 

7. Woodruff, E. H., and Conger, T. W.: J. Am. Chem. Soc., 60: 465, 1938. 

8. Graham, B. E., Cartland, G. F., and Woodruff, E. H.: Ind. Eng. Chem., 37: 149, 

1945. 

9. Chen, K. K., and Schihdt, C. F.: This Journal, 24: 339, 1924. 

10. Meek, W. J., and Seevebs, M. H.: This Journal, 61: 287, 1934. 

11. Beyer, K., and Govier, W. M.; Science, 101: 150, 1945. 



THE ABSORPTION AND ELIMINATION OF CARONAMIDE 
( 4 '-CARBOXyPHENYLMETHANESULFONANILIDE)i 


KARL H. BEYER, ELIZABETH K. TILLSON, HORACE F. RUSSO, 
GRACE S. SCHUCHARDT and S. RICHARD GASS 

Deparlmcnl oj Pharmacology, The Medical Research Division, Sharp and Dohme, Inc., 
Glenolden, Pennsylvania 

Received for publication June 30, 1948 

An hypothesis that it should be possible to inhibit the renal tubular excretion 
of penicillin by an orally active compound that ■would be essentially refractory 
to elimination by that mechanism has been presented (1). Caronamide' (4'- 
carboxyphenyhnethanesulfonanilide) 'was selected as being a compound that 
fitted these specifications closely. Recent clinical studies have confirmed its 
usefulness for the enhancement of penicillin plasma concentrations and therapy 
(2, 3). The uniformity of results in these reports and the apparent lack of renal 
toxicity of the drug have been gratifying. 

Although the effects of caronamide on the excretion of the various penicillins 
and other agents have been published (4, 5, 6), a precise study of the absorption, 
distribution, and elimination of the compound has had to a'wait definitive ana- 
lytical methods. At the present the methods of Brodie, Levy, and Bernstein (7) 
and of Ziegler and Sprague (8) are the most satisfactory. They can be used to 
recover quantitatively caronamide added to body fluids, particularly plasma and 
urine (5). However, their lack of specificity in the differentiation of the drug 
from its real and likely metabolic products lends an element of uncertainty to 
the present interpretation of results. 

This report deals with 1) the absorption and excretion of caronamide and its 
metabolite(s) follo-ndng its oral administration; 2) the falling plasma concentra- 
tions of these compounds and their urinary recovery following intravenously 
administered caronamide, alone and as compared to mannitol; and 3) the dis- 
tribution and falling plasma concentration of caronamide, its metabolite(s), and 
mannitol following intravenous administration to two-stage bilaterally nephrec- 
tomized dogs. 

Methods. A consideration of analytical methods used in this research is indicated be- 
cause of their recent origin and the fact that in the course of metabolism studies they do 
not necessarily measure the same entity'. 

The method of Ziegler and Sprague (8) depends on the hydrogenolytic (catalytic) cleav- 
age of the sulfonanilide linkage in caronamide to yield p-aminobenzoic acid which in turn 
IS diazotized and coupled with Nfl-naphthyll-ethydenediamine dihydrochloride. The 
resulting colored compound is read colorimetrically at a wave length (or filter) of 540 milli- 
microns. In this report it will be referred to by the authors’ names or as the colorimetric 
method. Following the administration of caronamide to animals the drug concentration 
determin ations in body fluids are invariably higher by' this method than the corresponding 

I ‘Staticin’ is the trademark applied to 4'-carbo.'cy'phenylmethane-sulfonanilide, caron- 
amide, by Sharp and Dohme, Inc. 
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values obtained by the method of Brodie et al. (7). If caronamide is precipitated from 
urine at pH 3 there remains in the urine of the patient or dog receiving the drug a compound 
or compounds that will react to this colorimetric method. This means that there is at least 
one metabolite of caronamide in which the sulfonanilide linkage has not been split and that 
is more soluble than the drug per se. No positive test for a tree p-amino group, as in p- 
aminobenzoic acid, is obtained in the urine under these circumstances. From the luinary 
recovery figures in the following data it will be apparent that this method determines 
caronamide and its metabolites, i.e. lolal caronamide, in body fluids. 

The method of Brodie, Levy, and Bernstein (7) depends on the fact that caronamide can 
be extracted into chloroform from an acidic aqueous medium and in turn reextracted from 
chloroform into 0.1 N sodium hydroxide. The alkaline solution then is read spectrophoto- 
metrically in the ultraviolet range (280.5 nm). It will be referred to herein as the Brodie 
or spectrophotometric method. Although it gives lower caronamide values in metabolic 
studies than the colorimetric method there is no present assurance that it measures caron- 
amide to the exclusion of all metabolites. For example, we have found that the glycine 
conjugate of caronamide (p-phenylmethanesulfonamidohippuric acid), which conceivably 
could be a metabolite of caronamide, can be determined in this manner. Furthermore the 
conjugate is more soluble but much leas active than is caronamide. 

With the full knowledge that neither method probably measures definitively any one 
compound we have employed the terms total caronamide and caronamide per se to apply 
loosely to the measurements made and reported herein by the Ziegler-Sprague and the 
Brodie methods, respectively. It becomes apparent that one might expect a considerable 
variation in the data obtained under these circumstances. This has been minimized by 
the strictest attention to detail and experience on the part of the analysts in using the 
methods. Our recovery data using these methods have been reported previously (5). 

The mannitol method used in this research was that of Smith, Finkelstein, and Smith (9). 

Experimental. The oral administration of caronamide results in rapid and 
practically complete absorption of the compound, as evidenced by the plasma 
concentration and urinary recovery. 

-Plasma concentration data for one or more experiments on six dogs that were 
given 60 mgm./kgm. of caronamide are summarized in figure 1. The average 
values and the standard deviations therefrom represent the points on the curve 
as determined for caronamide per se and total drug. The area between the two 
curves has been cross-hatched to indicate the considerable amoimt of caronamide 
metabolite. 

This rapidity of absorption seems characteristic of the compound for various 
species including man. In therapy it is customary to give an oral dose of caron- 
amide at the time of the intramuscular injection of penicillin. Actually Verwey 
and Miller (10) used the simultaneous oral caronamide-intramuscular penicillin 
dosage scheme to demonstrate the therapeutic advantage of the use of caron- 
amide with penicillin in experimental pneumococcic and typhoid infections in 
mice. 

It is apparent that a metabolite of caronamide is formed rapidly and appears 
in substantial amounts at the time the first blood level determinations are made. 
The percentage of metabolite tends to increase with the falling blood level value 
for caronamide. This would make it appear that the over-all elimination of 
caronamide (inactivation plus excretion) is greater than for the sum of its 
metabolites. 

The urinary recovery of caronamide following its oral administration was essen- 
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tially complete witlun 24 hours, as represented in table 1. On the average, all 
of a given dose of caronamide was recovered in the urine within 24 hours. Ap- 
proximately 43 per cent of the total amount excreted appeared in the urine 
within 4 hours and about 60-70 per cent of the total drug excreted at 4 or 24 
hours was caronamide, per se. Since the ratio of caronamide to total caronamide 
was essentially the same at 4 and 24 hours (incomplete and complete recovery), 
one may conclude that the overall rates of excretion of the two species of com- 
pound were similar. 


lil.SMI 



•«» 0.» I 1.9 Z t.9 S < 

TIWC M H0U99 

Fig. 1. Average Plasma Concentration of Caronamide and Total Caronamide 

Following Oral Administration of Single 60 Mgm./Kgm. Dose to Kach 

OF 6 Dogs 

. The coordioates represent the average value and standard deviation (s.d.) at each time 
interval. 

As a check on the total recoveries, the urine was adjusted to pH 3 with acetic 
acid to precipitate caronamide (5). The precipitate was washed, analyzed for 
caronamide, and subjected to a melting point determination. The amount -of 
caronamide metabolite remaining in the filtrate was determined colorimetrically. 
T^e sum of the values for precipitable and non-precipitable drug is represented 
in column 5 of table 1. Any differences between the data for total drug by the 
two methods probably may be accounted for on the basis of experimental error. 

The falling plasma concentrations of caronamide and mannitol following intra- 
venous administration were determined for five dogs and twice in two of the 
animals. The dosage of caronamide was 60 mgm.Agm. and that of mannitol 
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was 500 mgm./kgm. The drugs were administered intravenously as a single 
solution over a 5-minute period. This was tolerated well by the dogs. The 
data for the slopes of the mannitol, earonamide, and total caronamide, and the 
ratios of the caronamide: manitol slopes have been summarized in table 2. 
Figure 2 presents the falling plasma concentration curves for the experiment 
that most closely represents the average of the data in table 2. 

The average slope of the caronamide curves was essentially the same as for 
mannitol (av. slope ratio = 1.09). In the case of total caronamide the ratio 


TABLE 1 

The percentage recovery of caronamide and its metabolite(s) following the oral 
administration of a single 60 mgm./kgm. dose of the drug. 




CASOHABIDC AND UETASOUTES 

DOG 

BOOBS ATTSB 
ADUmiSTBATIOK 

Whole urine determinations 

Precipitable drug* 

+ non- 

precipitable dnigt 



Caronamide 

Total caronamidet 

58 

4 

25.4 

27.1 

29.0 


24 

69.7 

118.5 

106.0 


4 

33.1 

52.3 

53.8 


24 

55.6 

86.5 

84.6 


4 

39.8 

60.4 

65.6 


24 

64.0 

(95.8)§ 

95.8 

240 

4 

27.7 

■H 

36.6 


24 

72.1 


100.4 

246 

4 

30.8 

40.5 

55.4 


24 

46.0 

91.7 

92.6 

average 

4 

32.6 

42.9 

48.1 


24 

61.5 

101.4 

95.9 


* Precipitated at pH 3. From colorimetric assay and melting point determined to be 
essentially caronamide. 

t Colorimetric assay of metabolites in the filtrate of urine following precipitation of 


caronamide (1 d- 2 = 3). 

t The colorimetric determination of caronamide and its metabolitefs) in whole urine. 

§ Not averaged. 

to mannitol did not exceed 1.0, the average being 0.77. The greater average 
slope for caronamide than total caronamide is consistent with the conclusions 
drawn from the falling plasma concentration and minary recovery data. Since 
the relative rates of excretion were the same and some metabolism of the com- 
pound obviously occurred, the slope of the caronamide curve must be the greater 
as a reflection of its combined metabolism and excretion. 

The slope of the falling mannitol curve probably may be taken conservatively 
as a function of glomerular filtration rate, although there is not an unanimity 
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TABLE 2 

A summary of the slopes* and the rati'o^ of the slopes for mannitol and caronamide falling 
plasma concentrations following intravenous administration of the agents simultaneously. 


The slopes are expressed as per cent/minute 


DOC 

itANNITOt SLOPE 

CAiOitAinDS 

TOTAL CAKONAimJE 

Slope 

Ratio 

Slope 

Ratio 

240 

1.04 

.98 

.94 

.62 

.60 

58 

1.23 

1.10 

.89 

1.05 

.85 


1.32 

1.69 

1.28 

1.32 

1.00 

84 

1.51 

1.47 

.97 

.85 

.56 

365 

1.43 

2.28 

1.59 

1.21 

.85 

285 

1.21 

1.26 

1.04 

1.21 

1.00 

58 

1.24 

.97 

.78 

.65 

.52 

Average 

1.28 

1.39 

1.09 

1 

.99 

.77 


• Slope = 2.303 log Mi - log M. X 100. 
Tj - Ti 

t Ratio = caronamide slope. 


mannitol slope 



100 

00 


0.3 I I 3 4 0 ( T • 

TtHE IM HOURS 

FlO. 2. FalUNG PUABilA COKCENTRATIONB FoU/J'WIKG SlMTJnTAlrEOUS IntBAVENOTJS 
AninNiBTRATioN OP Cabonamide (60 Mgm./Kgm.) and Mannitol (500 Mou./Koii.) 

_ ^e data for the calculation of slopes and slope ratios in table 2 for dog 84 are presented 
in these curves. 


of opinion as to the preciseness of this relationship (11). In confirmation of our 
previous findings (5), these data indicate that the overall eliicunation of caron- 
amide (metaholism and excretion) is equivalent to the rate of elimination of 
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mannitol. The ratio of the slopes of two compounds that are eliminated solely 
by the kidney and of the same volume distribution should be equivalent to their 
clearance ratio. In this instance any influence of plasma binding on the elimina- 
tion of the compounds is equated analytically into the coordinates from which 
the slopes are calculated. Therefore these data indicate that the rate of excre- 
tion of these compoimds is no greater than the glomerular filtration rate. 

TAe shori-ierm urinary recoveries of intravenously administered caronamide and 
mannitol were determined as a check on the interpretation of their relative rates 
of excretion. The recoveries were performed over a 4-hour period on 5 dogs, 
2 of them being used twice for this purpose. This time interval was selected as 
one wherein it was anticipated that the total excretion of each agent would not 
be completed, since this would invalidate any conclusion. A few values obtained 

TABLE 3 


The percentage urinary recovery within 4 hours following the simultaneous intravenous 
administration of 60 mgm./kgm. caronamide and BOO mgm./kgm. mannitol. 


1X)G KO. 

MANNITOL 

CAXOHAUJSE* 



S8 

74 

39.0 1 

80.0 


58 

112 

49.0 

66.0 


240 

99 

31.2 

60.5 

63.0 

84 

88 

53.0 

92.6 

87.7 

285 

81 

45.0 

70.1 

76.7 

285 

52§ 

59.3 

85.6 

— 

365 i 

86 

58.0 

89.1 

97.6 

Average 

90.0 

47.8 

77.7 

79.2 


• Ultraviolet Bpectrophotometric method. 

t Colorimetric method. 

t Preoipitable plus non-precipitable drug (see table 1). 

5 Omitted from average. 

over 2-hour collection periods did not alter the interpretation of the data pre- 
sented in table 3 for the 4-hour recoveries. 

The average total recovery of caronamide was of the same order (77.7 per cent) 
as for' mannitol (90.0 per cent). The recovery of caronamide per se was about 
60 per cent of the total recovery of drug (47.8 per cent caronamide). However 
individual comparisons of recoveries of the same compoimd in the same or 
different dogs and comparisons of the caronamide data with mannitol showed 
considerable variations. Thus the generalization made above from the average 
recovery figures is an approximation, subject to considerable variation. 

The 84 hour urinary recovery of caronamide administered intravenously was 
determined following the injection of 60 mgm. of the drug per kgm. of body 
weight. The data for 6 dogs are presented in table 4. The analytical methods 
employed for the data in the three caronamide columns are the same as in the 
three previous tables. 

Following intravenous administration the 4-hour urinary recoveries of caron- 
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amide and its metabolites (table 4) are greater than when the drug is adminis- 
tered orally but the latio of the spectrophotometrically to the colorimetrically 
determined drug at 4 and 24 hours remains constant and is the same (about 60 
per cent) regardless of the mode of administration. The total recovery of a 
given dose of caronamide as such and its metabolites is complete in 24 hours on 
the average, regardless of either oral or intravenous route of administration 
(tables 1 and 4). 


TABLE 4 


The •percentage ■urinary recovery of caronamide and total caronamide following the intravenous 
administration of a single 60 mgm./f^m. dose. 


DOG 

HOOKS AITES 
AOHIKtSTKATtON 

CAKOKAUZDC* 



58 

4 

39.0 

80.0 

71.2 


.24 

55.4 

117.0 

120.0 

240 

4 

31.2 

60.5 

63.0 


24 

65.1 

86.6 

122.5 

365 

4 

46.8 

80.7 

82.9 


24 

50.3 

104.0 

110.2 

365 

4 

58.0 

89.1 

97.6 


24 

58.0 

109.6 

97.6 

840 

4 

45.4 

41.7 

66.2 


24 

45.4 

74.4 

86.2 

84 

4 

53.0 

92.6 

87.7 


24 

60.0 

110.4 

96.7 

285 

4 

45.0 

70.1 

76.7 


24 

54.0 

95.8 

85.7 

Average 

4 

45.4 

73.4 

77.9 


24 

55.4 

99.7 

102.7 


* Ultraviolet spectrophotometric method, 
t Colorimetric method, 
t Precipitable plus non-precipitable drug. 


The •plasma conceniralion of caronamide and •mannitol in hilateraJly nephrec- 
tomized dogs was determined after the intravenous injection of the two com- 
poimds. The nephrectomies were performed in two stages on each of 4 well- 
tramed dogs. From two weeks to several months following the first unilateral 
nephrectomy the second kidney was removed imder intravenous thiobarbiturate 
mduction and cyclopropane-oxygen closed-system maintenance anesthesia. 
The second operation was performed in the afternoon preceding the day of the 
test. The dogs were in good spirits and physical condition during the test. 
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Free access to food and water was permitted following surgery and throughout 
the experiment. Since they were trained previous to surgery they submitted 
readily to venipuncture during the experiments. 

The intravenous dosages of caronamide and mannitol were 60 and 500 mgm./ 
kgm., respectively. Mannitol and caronamide plasma levels were followed in 
most instances for 8 hours. At the end of that time the dogs were sacrificed by 
anesthetization. The total elapsed time following nephrectomy was 24 hours. 
The data for a representative experiment are presented in figure 3. 



0.5 1.0 1.5 Z.O 2.5 

TIME IN HOURS 


Fig. 3. Plasma Concentration of Cabonaaiide, Total Caronamide and Mannitol 

Following Intravenous Administration of 60 Mgm./Kgm. of Caronamide and 
SOO Mgm./Kgm. of Mannitol to Bilaterally Nephrectomized Dog Weighing 

13.2 Kgm. 

After its distribution in the body the mannitol plasma concentrations fell 
but little or not at all over an 8-hour period in these 4 experiments, as illustrated 
in figure 3. The data would indicate that if any metabolism of mannitol occurs 
in the body — a controversial point (11, 12) — the site of action must be limited to 
the kidneys, since they are the only organs absent in this experiment. 

Over the first 1§- to 2-hour period following the injection of caronamide the 
logarithm of its falling plasma concentration was a linear function of time. The 
slopes of the four caronamide curves (minus the slope of the total caronamide 
curve in two instances where this was greater than zero in the first two hours) 
were 0.540, 0.587, 0.623 and 0.909; average 0.667. The semi-logarithmic char- 
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acteristic of the curve probably represents a first-order chemical reaction as 
describing the process of drug metabolism. In terms of average values, the 
slope of the curves representing the metabolism of caronamide in nephrectomized 
dogs is 48 per cent of the slope of the curve describing metabohsm plus excretion 
of the drug in normal dogs. 

During the first 2-hour period the value for total caronamide remains constant 
or falls but slightly. However, the total value for caronamide and its metab- 
olites tends to decrease, in some instances considerably, after the first two hours. 
This is apparent in figure 3. The significance and even the validity of these 
values over a period of 4 to 8 hours is vmcertain at present, since the values are 
erratic within an experiment and vary considerably among the animals. To a 
lesser extent this variation is true for the spectrophotometric determinations of 
caronamide. 

The volume distribution of caronamide and mannitol have been calculated 
by ertrapolating the plasma values to zero time and substituting in the equa- 
tion V = M/C where V = volume distribution, C = plasma concentration, and 
M = total dose. In turn, the volume distribution was expressed as per cent 
of total body weight. This seems permissible for the mannitol since its slope 
is zero and for caronamide since its two curves intersect, as they should, at zero 
time. In each instance the volume distribution for caronamide was greater 
than for mannitol. In the four dogs the ratios of the percentage volume dis- 
tribution of caronamide to maimitol were 1.10, 1.18, 1.38 and 1.44 (average 1.27). 
The significance of this difference is uncertain. In these' experiments the range 
of the percentage volume distribution of mannitol among the dogs was from 
22.6 to 29, which expressed similarly would give a ratio of 1.28. 

The volume distribution of mannitol is reported to be equivalent to extra- 
cellular fluid volume (11a, 12b). From the above data, the volume distribution 
of caronamide may be said to be of the order of, or greater than extracellular 
flmd volume, although a more precise identification of the distribution of the 
drug with that fluid compartment would be beyond the scope or intent of these 
data. 

Discussion. A study of the absorption, metabolism, and excretion of caron- 
amide has had to wait satisfactory analytical methods. To date the methods 
permit a separation of caronamide from another metabolite or other metabolites. 
It is evident throughout these experiments that metabolism of the compound 
takes place rapidly and to a considerable extent. 

At present the identity of the metabolite(s) is not known. We do know that 
ordinarily the sulfonanilide linka ge in caronamide is not broken by the body, for 
the overall urinary recovery of the drug and its metabolites having this linage 
is essentially complete. However, in the metabolism of the compound some- 
thing happens to increase its solubility so that the metabolite remains in solution 
at pH 3 or less where caronamide precipitates quantitatively. This increased 
solubility is important and is a fortunate circumstance. In the case of the sul- 
fonamides, the metabolite (acetyl-sulfonamide) is usually less soluble than is the 
active compound. Insofar as they have been tested the possible metabolites of 
caronamide are considerably less active than the drug per se. 
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It is apparent that the absorption of the drug following oral administration 
is rapid and complete, from the data presented herein and from other experience 
dealing with patients. In collaboration wth Dr. Wm. P. Boger we found no 
caronamide in the feces of patients to whom the drug was administered orally. 
However, we have had an opportunity to determine the plasma and urine con- 
centration of caronamide in a child who did not respond with elevation of 
penicillin plasma concentration when the antibiotic agent was given intramuscu- 
larly and the adjuvant was administered orally. In this singular case the ab- 
sorption of the drug was much reduced as judged by plasma concentrations and 
urinary recovery. This is the only instance of such a case that has come to our 
attention (13). 

Some 43 per cent or so of a given dose of caronamide is excreted within four 
hours after its administration, normally. The total dose is excreted within a 
12- to 24-hour period. The slope of the falling caronamide plasma concentration 
eurve is the same as, and that for its metabolite is less than, that for mannitol. 
However, these slopes are a reflection of metabolism and excretion of caronamide, 
and the overall elimination of the drug and its metabolites; for the urinary output 
of the drug is considerably less than, and the excretion of total caronamide is 
about the same as that for mannitol. Other extensive studies of the renal 
clearances (14) and renal extraction (15) of caronamide and its metabolites will 
be reported in the near future. 

The volume distribution of caronamide appears to be of the same order but 
somewhat greater than for mannitol in bilaterally nephrectomized dogs. In 
these animals the curve for the plasma concentration of caronamide falls in the 
maimer of a first order chemical reaction over the first 1§^ to 2 hours. Thereafter 
an equilibrium seems to be reached slowly between the drug and its metabolite(s), 
and there is some indication that the latter agent either is destroyed slowly or 
is more widely distributed in the body. 

SUMJURY 

Caronamide is rapidly and completely absorbed when administered orally to 
dogs, as judged by the plasma levels and the overall urinary recovery of the drug 
and its metabolite(s). 

After oral or intravenous administration of caronamide to normal dogs or 
intravenous administration to bilaterally nephrectomized dogs a portion of the 
drug is metabolized rapidly. About 60 per cent of a dose of the drug adminis- 
tered to normal dogs is excreted, presumably as such. The other 40 per cent 
is excreted in the form of a metabolite(s) that is more water-soluble than is the 
parent compound. The distribution of caronamide in the body is of the same 
order as, but greater than, that for mannitol, whose volume distribution approxi- 
mates extracellular water. 
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A COMPARISON OF ONE DOSE PER DAY WITH SIX DOSES PER DAY 

OF QUININE IN THE SUPPRESSION OF LOPHURAE MALARIA 

IN THE DUCK 
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In previous experiments with lophurae malaria in the duck (1), it was shown 
that the minimal effective dose of quinine was smaller when the drug was admin- 
istered once daily by stomach tube than when the drug was administered more 
or less continuously (drug-diet method). It might have been concluded, there- 
fore, that a maintained plasma concentration was less effective than intermittent 
higher plasma concentrations. Two criticisms may be directed at these studies. 
First, drug administration was begun 18 hours before the birds were infected 
with Plasmodium lophurae, hence it was possible that the effect of treatment was 
attributable to the fact that the infection was not established before treatment 
was begun. Second, it was impossible with the drug-diet method to ascertain 
the dosage accmately. However, with the variety of drugs studied, all possible 
relationships between the single dose per day and the drug-diet method were 
found; therefore it appears improbable that the criticisms mentioned seriously 
affected the conclusions drawn. The present study was planned and carried 
out avoiding the two criticisms mentioned. Our previous conclusions were con- 
firmed. 

Methods. White Pekin ducklings weighing from 110 to 560 grams were randomized 
into 10 groups. They were kept in standard poultry cages and were allowed free access to 
Purina Cluck Starter Mash and running water. The ducklings were infected with Plas- 
modium lophurae by an intravenous injection of 0.25 cc. of blood containing 150 X 10* para- 
sitized erythrocytes. The course of the infection was followed by making a daily thin 
smear of the blood of each duck. The smears were counted as outlined previously (2, 3). 

Treatment was given by stomach tube and was begun 24 hours following infection. Some 
groups of ducks received one administration of drug each day, while others received six 
administrations each day at intervals of four hours. All doses of quinine were calculated 
as base and were administered as an aqueous solution of the hydrochloride in a volume of 
10 cc. per kgm. Treatment was continued for four days. Quinine was given in doses of 
4, 8, 16 and 32 mgm per kgm. once per day for four days and in doses of 2, 4, 8 and 16 mgm. 
per kgm. six times per day for four days. The ducks were weighed on the first and third 
days of treatment and individually dosed according to weight. 

Results. The data are shown in table 1. The minimal effective daily dose 
for the single dose per day is 8 mgm. per kgm. while for the multiple dose regimen 
it is 24 mgm. per kgm. In both of these groups the parasitemia of every duck 
was below. 56 per cent erythrocytes parasitized whereas only 3 of the 17 controls 
evidenced a parasitemia less than 56 per cent erythrocytes parasitized. The 
probability that such a difference is a chance variation is extremely small. It 

* Parke, Davis Fellow in Pharmacology and Experimental Therapeutics. 
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appears, therefore, that the miiiiinal effective dose of quinine was three times 
smaller for the single dose per day. It must be pointed out that 32 mgm. per 
kgm. in one dose per day was no more effective than 16 mgm. per kgm. and that 
the effect was comparable to 8 mgm. per kgm. given six times per day. It must 
he noted that six doses of 16 mgm. per kgm. per day produced a more marked 
reduction of parasitemia than did one dose of 32 mgm. per kgm. per day. The 

TABLE 1 


A comparison of one dose per day with six doses per day of quinine in the suppression of 
lophurae malaria in the duck 







PEE CENT EKYTHXOCVTES PARASITIZED 
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KUUSTX 
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Days after infection 





1 

2 
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4 

5 



ngrt./igm. 








0 
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17 

Mean* 

2 
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43 

56 





Range 

0.6-3 

1-5 


20-62 

8-69 

2 

6 

12 

9 

Mean 
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3 
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Range 

0.4-3 

1-6 

4-22 

18-55 

24-67 
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24 
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0.8-4 
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6 

48 
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0.07-1 

0.01-3 
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0.01-2 
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6 
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0.7-2 

0.8-4 
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9 
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10 
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6-18 

19-42 

38-55 
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9 
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3 
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0.6-2 

0.7-7 

0.6-18 

0.2-32 

0.3-43 
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16 

9 

Mean 

1 

1 

0.8 
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Range 

0.6-3 

0.6-2 

0.3-2 

0.04-0.6 


32 


32 

9 

Mean 


1 

0.6 

0.2 

0.2 


Bfl 



Range 


0.6-2 

0.4-1 

0.1-4 

0.1-5 


* The means given are geometric means. 


meaning of this difference is not clear from these data ; however, it may possibly 
be due to the duration of treatment. 

There seems little doubt that the infection had become established during 
the 24-hour period before the beginning of treatment since the per cent of ery- 
throcytes parasitized 24 hours after infection was higher than the calculated 
parasitemia at the time of infection in 83 of the 89 ducks used. It has been 
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shown previously that in this laboratory the calculated parasitemia coincides 
closely with the values obtained by counts made on blood smears taken imme- 
diately after infection. 

Discussion. These experiments confirm those published previously (1) but 
eUminate the criticism that treatment was begun before the infection was estab- 
lished. In addition, by administering the drug by stomach tube we have avoided 
the difificulty, inherent in the drug-diet method, of accurately determining the 
drug intake. 

Repeated experiments using doses of quinine larger than those used in this 
study have shown that no fluorescent substance remains in whole blood (deter- 
mined by the metaphosphoric acid precipitation method (4)) 24 hours after 
administration of the drug. This fact and the effectiveness of a single daily 
dose of quinine demonstrate that maintenance of a blood concentration is not 
necessary for effective suppression of lophurae malaria in ducks. This evidence 
bears directly on the mechanism of action of the drug and is, therefore, of great 
theoretical interest. It is also of practical importance because of the greater 
simplicity and ease of the single dose a day regimen. It should be pointed out 
that testing of drugs for antimalarial activity using a single dose a day would be 
likely to miss drugs such as sulfonamides with which a maintained concentration 
is necessary. However, in screening by the drug-diet or multiple dose methods 
it is unlikely that one would miss drugs which are more effective in a single dose 
a day. 

It has been shown in mice infected with ;8-hemolytic streptococcus. Group A, 
Strain 0 203 and treated with penicillin that a single injection is as effective as 
an equal amount of drug divided into multiple injections given over a 24-hour 
period (5, 6). This, is also true in mice infected with Klebsiella pneumoniae and 
treated with streptomycin (7) and in mice infected with Type I pneumococcus 
and treated with penicillin (8). That treatment can be omitted for periods as 
long as 12 hours without detriment to the human patient has been shown by 
Tillett in treating pneumococcal pneumonia with penicillin (9). 

Our data, together with these studies, indicate that with quinine, penicillin 
and streptomycin, effective treatment does not depend on maintenance of the 
blood concentration. On the other hand, it has long been known that a main- 
tained blood concentration is essential in chemotherapy with sulfonamides. It 
is obvious, then, that the optimal dosage regimen must be determined experi- 
mentally with each chemotherapeutic agent to insure the most effective use. 

CONCtUSION 

The daily dose of quinine effective in suppressing lophurae malaria in the duck 
is appro.ximately 3 times smaller when it is given in a single dose than when it 
is divided into 6 doses. 
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During the course of experiments in which the changes in size of the bron- 
chioles and the blood pressure were being recorded simultaneously, it was ob- 
served that following bronchoconstriction and fall in blood pressure induced by 
the injection of histamine, the bronchodilator response to epinephrine was seldom 
maximal, despite a good pressor response. In many such experiments also, 
with repeated administrations of epinephrine, the bronchioles developed a com- 
pletely non-responsive or refractory state, so that it was no longer possible to 
obtain any further dilatation with epinephrine although again the blood pressure 
response was quite good. However, after the development of this refractory 
state, a good bronchodilator response to epinephrine could invariably be elicited 
by briefly distending the lungs by blowing directly into them through a tracheal 
cannula. 

In view of this latter observation, which, as far as we know, has not been 
previously described, it was of interest to study these phenomena further. The 
object of this paper is to present the results of some of these studies with par- 
ticular reference to the bronchiolar responses to epinephrine and to histamine, 
as affected by the existing degree of limg distension. 

Methods, Dogs, anesthetized with pentothal sodium* were used in all of these experi- 
ments. The animals were kept deeply anesthetized to the point of respiratory paralysis 
by repeated injections of the anesthetic agent. 

The bronchiolar changes were recorded by the method described by Jackson (1), em- 
ploying intermittent negative pressure ventilation after inserting the metallic chest plate. 
At the beginning of the experiment a tracheal cannula was inserted and artificial respira- 
tion temporarily maintained using a Starling pump. The vagus nerves were also cut. 
Blood pressure was recorded directly from the left common carotid artery. 

The effects of histamine dihydrochloride and epinephrine hydrochloride were tested 
both by intravenous injection and by direct spraying into the lungs, using an ordinary 
DeVilbiss atomizer attached to an oxygen cylinder, and adjusted so that 1 cc. of the solu- 
tion was aerosolized in 5 seconds. The duration of the spraying was never more than 10 
seconds, and similar sprayings of physiological saline were without effect on the bron-. 
chioles. The outlet of the atomizer was inserted through a large tracheal cannula and 
reached just inside the trachea itself, so that all the spray was deposited within the tracheo- 
bronchial tree. 

Brief measured continuous positive pressure was employed to obtain lung distension. 
This was accomplished bj' attaching the tracheal cannula to an air pressure system pre- 
viously adjusted as desired. Briefly, compressed air entered the system through one arm 
of a Y-shaped arrangement, leaving through two outlets, one of which was connected to 


* Medical Research Fellow, National Research Council, Canada. 
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the tracheal cannula and the other to a piece of rubber tubing with a screw clamp. The 
pressure in the system was adjusted to the desired level by partially closing the outflow of 
air through this latter outlet. A water or mercury' manometer was suitably attached to 
the tube going to the trachea. 

At the beginning of an experiment the outlet for attachment to the tracheal cannula 
was closed with a hemostat, and the pressure in the manometer adjusted by turning on the 
compressed air moderately and partially closing the outlet with the screw' clamp. A rate 
of air flow of 750 to 800 cc. of air in 5 to 10 seconds w'as generally sufficient to distend the 
dog’s lung completely'. 

A pressure of 40 mm. of mercury was generally used. In other experiments however, 
positive pressures as low as 20 cms. of water were employed with much the same results 
provided the rate of flow of air into the lungs was stepped up and the bronchioles not too 
constricted. In addition, the distension of the lungs could be observed directly through 
the glass window in the Jackson’s plate. 
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Fig. 1. Dog, male, 8.1 kgm. Pentothal sodium anesthesia. Vagi cut. Records of 
pronchioles (upper) and blood pressure (lower). Aand Ai — histamine(0.62mgm.perkgm.) 
intravenously. B and C — epinephrine (0.1 mgra.) and B, and Ci epinephrine (0.2 mgm.) 
^travenously. D — lung distension with positive pressure (20 cms. HiO for 30 secs.). 
r'~lung distension with positive pressure (40 mm. Hg for 10 secs.). E — lung distension 
by blowing directly through tracheal cannula. An interval of 20 minutes elapsed betw'een 
Land Ai. 


During the administration of positive pressure and of the spraying of the drugs into the 
lungs, it was necessary' to clamp the rubber tubing connecting the tracheal cannula with 
the recording tambour, and this accounts for the gaps in the hronchiolar records corre- 
sponding to these procedures. 

Results. 1. Effects of lung distension on the responses to infected epinephrine 
ond histamine. Figure 1 shows a typical example of the results obtained in 
several experiments. Thus, following intense bronchoconstriction and fall in 
blood pressure induced by the intravenous injection of histamine, two successive 
injections of epinephrine induced only' slight bronchodilatation, although the 
blood pressure rose with each injection. Later, mild distension of the lungs 
Using a positive pressure of 20 cms. of water for 30 seconds, produced some further 
bronchodilatation. However, complete distension of the lungs by' forcibly' 
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blowing directly through a piece of rubber tubing temporarily connected to the 
tracheal outlet, led to a much greater and sustained bronchodilatation. During 
the distension of the lungs the blood pressure fell but returned promptly almost 
to the preinjection level. 

Later in the same experiment is shown a repetition of the histamine effects 
followed by two successive injections of epinephrine, each of which produced 
good pressor effects but only a moderate degree of bronchodilatation. It should 
be noted that the second epinephrine injection led to no further bronchodilata- 
tion, despite a good pressor response, that is to say, the bronchioles were now 
refractory to epinephrine. Two minutes later however, follow ng lung distension 
there was a prompt and prolonged bronchodilatation. 



Fig. 2. Records of bronchioles (upper) and blood pressure (lower). Exp. t: Dog, female, 
5.4 kgm. Pentothal sodium anesthesia. Vagi cut. A — histamine (0.7 mgm. per kgm.) 
intravenously. B — lung distension with positive pressure (40 mm. Hg for 10 secs.). C, D, 
and F — epinephrine (0.2 mgm.) intravenously. E and Cl — lung distension with positive 
pressure (40 mm. Hg for 5 secs.). Exp. 2; Dog, male, 7.05 kgm. Pentothal sodium anes- 
thesia. Vagi cut. A— histamine (0.7 mgm. per kgm.) intravenously. B and E— lung 
distension with positive pressure (40 mm. Hg for 10 secs.). C and D — epinephrine (0.2 
mgm.) intravenously. 


Similar results have now been obtained in 40 different experiments in which 
the lungs were either distended by blotving forcibly into them directly or by 
the use of various measured degrees of positive pressure and rate of air flow. 
All in all, the phenomenon appears to depend primarily on obtaining good lung 
distension. Thus, when low positive pressures such as 20 cms. of water were 
used, a higher rate of air flow was necessary. 

It was of interest at the outset to determine whether or not similar lung dis- 
tension alone could counteract the bronchoconstrictor action of histamine. 
Figure 2 shows results of two experiments in which, following intense broncho- 
constriction and fall in blood pressure after intravenous injections of histamine, 
distension of the lungs produced only a slight and transitory bronchodilatation. 
Subsequent epinephrine injections in both experiments induced good blood pres- 
sure effeets but only moderate bronehodilatation. Again, in both of these e-x- 
periments there is evidence of refractoriness to the second epinephrine injection 
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but following brief lung distension with the same degree of positive pressure as 
employed earlier in the experiments, there was a prompt and sustained broncho- 
dilatation in each instance. 

The dilatation of the bronchioles after epinephrine and lung distension appears 
to be maximal or almost maximal. Thus, as shown in exp. 1 (fig. 2) a further 
injection of epinephrine 3 minutes after the lung distension, although it induced 
a good pressor effect, led to no further bronchodilatation. On the contrary, 
two minutes later, distension of the lungs at G produced again as much dilatation 
as before. In many experiments this intense bronchodilatation continued for 
as long as 30 to 40 minutes, and the recovery was apparentlj^ complete. 



12 9 t’ronpli'oles (upper) and blood pressure (lower). Exp. 1: Dog, female, 

inii- Poutothal sodium anesthesia. Vagi cut. A — histamine (0.35 mgm. per kgm.) 
Inn B — lung distension with positive pressure (20 mm. Hg for 5 secs.). C— 

(40 ram. Hg for 10 secs.). D — epinephrine (0.2mgm.) 
. Exp. 2: Dog, male, 8.25 kgm. Pentothal sodium anesthesia. Vagi cut. 

miro'Mn "'Em. per kgm.) intravenously. B — lung distension with positive pres- 

(■iUmm.Hgfor 15 secs.). CandD — epinephrine (0.2 mgm.) intravenously. 

In fi^re 3 are shown results of two other experiments in which the effects of 
nng distension in counteracting histamine bronchoconstriction were tested. 

ere again following injection of histamine (e.xp. 1) the first distension of the 
ungs caused little or no dilatation. However, a second more intense and pro- 
onged distension of the lungs at C, caused a good bronchodilatation, lasting for 
several minutes. There was only a slight gradual increase in the blood pressure 
e\el. However, injection of epinephrine at D, induced the intense pressor 
response shown concomitant with marked and prolonged bronchodilatation. 
‘ omewhat similar results are shown in exp. 2 in the same figure. These need 
no further comment. 
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It appears from these and other experiments that when the bronchoconstrictor 
action of histamine is partially abolished by lung distension, the effects of in- 
jected epinephrine are greatly potentiated. This may account for the much 
better bronchodilator and pressor responses shown in figures 2 and 3, in contrast 
with those shown in figure 1, where the order was reversed. The mechanism of 
this effect is not clear. 

It also appears from the above results that the degree of antagonism of his- 
tamine bronchoconstriction by lung distension depends on the relative intensity 
of the two actions. If this ivere so, it should be possible then, to antagonize 

— 


Kgm.J intravenously rs — lung distension with positive pressure (40 mm. Hg for 15 secs.;. 
Exp. S: Dog, male, 6 8 kgm. Pentothal sodium anesthesia. Vagi cut. A — lung distension 
with positive pressure (20 mm Hg for 10 secs.). B— histamine (0.35 mgm. per kgm.) in- 
travenously. 


histamine bronchoconstriction considerably or even completely by the use of a 
sufficient degree of lung distension, and also to prevent the development of 
histamine bronchoconstriction by previously distending the lungs sufficiently- 
The two e.xperiments in figure 4 show examples of these types of effects. Thus, 
in exp. 1, following histamine bronchoconstriction 15 seconds of lung distension 
with a positive pressure of 40 mm. of mercury almost completely antagonized 
the bronchoconstriction. There was little or no influence on the blood pressure 
level in this experiment. Again, in exp. 2, in the same figure, it is shown that 
distending the lungs prior to the injection of histamine almost completely pre- 
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vented the bronchoconstriction, although the usual fall in blood pressure still 
occurred. It is therefore clear that lung distension can both relieve and prevent 
histamine bronchoconstriction under proper conditions. 

2. Effects of lung distension on the responses to sprayed epinephrine and his- 
tamine. Since the actions of epinephrine and histamine are upon the smooth 
muscle of the bronchioles, it was of interest to test the effects of lung distension 
upon the response to the spraying of these agents directly into the lungs, as 
described above. It was thought that in this way it might be possible to deter- 
mine whether or not the intense blood pressure changes associated with injections 
of these agents were in any way concerned with the above-described effects. 



Fm.S. Records of bronchioles (upper) and blood pressure Qower). Eip. I; Dog, female, 
kgm. Pcntothal sodium anesthesia. Vagi cut. A — histamine (0 7 mgm. per kgm.) 
mtravenously. B and C — epinephrine (0 2 mgm.) sprayed (2 cc. 1 in 10,000 for 10 secs.), 
p— lung distension with positive pressure (40 mm Hg for 5 secs.). £ip. i.- Dog, male, 13.8 
Kgm. I’entothal sodium anesthesia Vagi cut A — histamine (0 36 mgm. per kgm.) in- 
travenously. B — epinephrine (1 mgm ) sprayed (1 cc 1 in 1000 for 5 secs.). 

In figure 5 (exp. 1) it may be seen that when the bronchioles were intensely 
constricted by an injection of histamine two successive spraj'ings of epinephrine 
induced moderate bronchodilatation, without any significant blood pressure 
changes — unlike the effects of injected epinephrine in similar dosages, as has been 
shouTi in the previous experiments. It might be noted that vith the sprajing 
of epinephrine, the second administration induced some further bronchodilata- 
tion, which was seldom seen after epinephrine injections. These bronchodilata- 
tions were submaximal and two minutes after the second epinephrine spray, 
distension of the lungs induced the very prompt and intense bronchodilatation 
shouTi, although no marked increase in blood pressure occurred. Similar results 
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were obtained in several other experiments. The spraying of a small dose of 
'epinephrine can apparently, therefore, induce bronchodilatation without affecting 
the blood pressure and furthermore, this effect is potentiated by lung distension. 
It might be added that similarly sprajnng physiological saline induced no effect 
on the bronchioles. 

In the other experiment shonm (exp. 2, fig. 5), under similar conditions of 
histamine constriction the spraying of a very large dose of 1 mgm. of epinephrine 
induced a rapidly progressive bronchodilatation, associated with a slowly pro- 
gressive increase in the blood pressure level. No lung distension was employed 
in this experiment but the large dose of epinephrine employed was sufficient to 
induce maximal bronchodilatation, without the usual acute pressor response to 
epinephrine. 



Fig, 6. Records of bronchioles (upper) and blood pressure (lower). Bip.i; Dog, female, 
7.0 kgra. Pentothal sodium anesthesia. Vagi cut. A — histamine (5.7 mgm. per kgm.) 
sprayed (2 cc. 2 per cent for 10 secs,). B and C — epinephrine (0.2 mgm.) intravenously. 
Ezp. 2: Dog, female, 7.0 kgm. Pentothal sodium anesthesia. Vagi cut. A — histamine 
(2.85 mgm. per kgm.) sprayed (1 cc. 2 per cent Xor 5 secs.) B— epinephrine (0.2 mgm.) 
yirayed (2 co. 1 in 10, TO for 10 secs.). C and D — epinephrine (0.2 mgm.) intravenously. 
B and F — lung distension with positive pressure (■fO mm. Hg for 10 secs.). 


Regard ng the effects of spraying histamine, the results obtained were on the 
whole rather contrary to what was expected. In fact, in several experiments, the 
spraying of doses of histamine of 0.35 to 0.70 mgm. per kgm. (amounts which 
induce intense bronchoconstriction when given intravenously) led to little or no 
immediate bronchoconstriction, despite the fact that the blood pressure fell 
rapidly. Indeed, in order to obtain definite bronchoconstriction with histamine 
using the spray method, it was necessary' to employ rather excessive doses. 
Thus, in figure 6 are shorni results of two such experiments. In e.xp. 1 at A, 
5,7 mgm. per kgm. of histamine were sprayed. There was a marked drop in 
blood pressure developing rapidly, but only a moderate degree of slowly develop- 
ing bronchoconstriction. A somewhat similar effect is seen in exp. 2, at A, 
following the spraying of 2.85 mgm. per kgm. of histamine. Both of these 
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effects of histamine on the bronchioles contrast strikingly with the intense and 
almost immediate bronchoconstriction seen on the intravenous injection of much 
smaller doses of histamine as shown in figures 1, 2, 3 and 5. 

Following histamine sprajnng two successive injections of epinephrine in 
exp. 1 (fig. 6), produced brief temporary pressor effects, and bronchodilatation. 
Despite this existing bronchodilatation the blood pressure continued to fall and 
the animal died within a few minutes. In exp. 2 in the same figure the spraying 
of epinephrine at B induced some bronchodilatation, but no effect on blood pres- 
sure. Four minutes later, however, the bronchioles were again markedly con- 
stricted. Two successive injections of epinephrine at C and D exerted only a 
slight bronchodilatation but the blood pressure was greatly improved. With 
distension of the lungs at E, there was however a good and sustained broncho- 
dilatation, which could not be improved bj"^ a second period of lung distension 
at F. In this exper ment again the bronchioles remained well dilated but the 
blood pressure continued to fall and the animal died despite the existing broncho- 
dilatation. Death in both of these experiments was due to circulatory failure 
and not to bronchoconstriction. 

In connection with the effects of sprayed histamine on the bronchioles, it is of 
interest to note that Dautrebande and coworkers (2) have reported that following 
inhalation of small doses of histamine in man, as an aerosol of 1 per cent histamine 
solution, there was dilatation, rather than constriction, of the respiratory tract 
and an increase in the effective respiratorj' volume. Binet and Marquis (3) 
have also shown that histamine is destroyed during passage through the dog’s 
lungs both in vivo and in isolated perfused ventilated lungs. This might explain 
the necessity of employing such excessive doses of histamine by the spray method. 
In view of the current interest in the antihistamine drugs and in view of the 
fact that histamine aerosols are so frequently emploj'ed e.xperimentally in assess- 
ing the effects of these agents as possible anti-asthmatics, the problem of the 
effects of histamine by respiratory tract administration requires further study. 

From the above results it appeared that these effects of lung distension might 
be primarily physical effects due to the mechanical stretching of the elastic tissue 
in the lungs. It was of interest therefore to test the influence of distending the 
lungs in similar fashion at the end of several experiments after the circulation 
of the animal had completelj’ ceased. The results of two such experiments are 
shown in figure 7. Exp. 1 , which is the termination of the experiment shown in 
figure 4 (exp. 2), shows that despite the absence of any circulation, the bron- 
chioles were still somewhat dilated. Lung distension for 10 seconds with a pres- 
sure of 20 mm. of mercurj' at A, induced bronchodilatation lasting for 3 minutes. 
In this instance, the bronchioles at first dilated widely, then progressively closed 
douTi almost completely. Further repeated brief periods of lung distension at 
B, C, and D, produced similar but more prolonged bronchodilatation, despite 
the complete absence of the circulation. 

Exp. 2 in the same figure, which was the termination of the experiment shoivn 
in figure 3 (exp. 1), shows at A, the effects of an intravenous injection of a large 
dose (50 mgm.) of histamine. Five minutes later, there was no evidence of any 
effective circulation, but the bronchioles were still intensely constricted. The 
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first brief lung distension at B induced only a slight transient bronchodilatation. 
Similar periods of lung distension at C and D led to prompt and sustained 
bronchodilatation. These I'esults resemble rather closely those obtained in the 
animals with effective circulations, and would suggest that the effects of lung 
distension described above may be due primarily to the stretching of the elastic 
tissue of the lungs rather than to any effects on the smooth muscle or blood vessels 
of the lungs. 



Fig. 7. Exp. 1: Termination of experiment 2 in fig. 4. A and D — lung distension for 10 
secs, with positive pressure of 20 mm. Hg. B — lung distension for 10 secs, with positive 
pressure of 40 mm. Hg. C — lung distension for 15 secs, with positive pressure of 40 mm. 
of Hg. Exp. 2- Termination of experiment 1 in fig. 3. A — histamine (50 mgm.) intra- 
venously. B and C — lung distension for 5 secs, with positive pressure of 40 mm. of Hg. 
D — lung distension for 10 secs, with positive pressure of 40 mm. Hg. 

Discussion. As is well known, the lung is e.xtremely rich in elastic tissue, 
which runs lengthwise along the bronchioles and extends beyond the muscle 
fibres to the alveoli (4). The elastic tissue is responsible phj'siologically for the 
normal recoil of the lungs after inspiration, that is, during expiration. It has 
been shown by Ellis and Livingston (5) and Ellis (6) that the bronchial tree 
mechanically dilates during inspiration and constricts during expiration. It 
is conceivable, therefore, that during the intense smooth muscle broncho- 
constriction induced by histamine, the normal mechanical dilatation during 
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inspiration is prevented. It is possible, then, that although the epinephrine 
relaxes the smooth muscle of the bronchioles, so that they dilate somejvhat, this 
may not be sufficient to overcome this existing mechanical disadvantage. Under 
such conditions, therefore, the bronchodilator effect of epinephrine is submaxi- 
mal, and cannot be further augmented by further injections of epinephrine, 
that is to say, a “refractory state” has developed. Sudden distension or stretch- 
ing of the elastic tissue might then overcome this obstruction to bronchodilata- 
tion, and thus initiate the normal functioning of the elastic tissue. The stretched 
elastic tissue may in turn exert a favorable influence on the smooth muscle 
relaxation. Ellis (6) believes that the smooth muscle of the bronchioles is con- 
stantly in a state of tone controlled by sympathetic and parasympathetic nerves. 
When the tone is lowered by epinephrine (bronchodilatation) the stretching of 
the elastic tissue might then further augment this effect, and lead to the observed 
potentiated responses. 

In conclusion, the above described experiments would seem to indicate that 
the use of lung distension by positive pressure under suitable conditions might 
be a valuable aid in the relief of intense asthmatic attacks and particularly in 
the condition of status asthmaticus, where the bronchioles are refractory to 
injected epinephrine. 

SUMMARY 

Dogs deeply anesthetized with pentothal sodium and vagotomized, were used. 
The changes in the bronchioles (Jackson Method) and the blood pressure were 
recorded simultaneously. 

It is shown that after histamine bronchoconstriction and fall in blood pres- 
sure, repeated injections of epinephrine induced only submaximal broncho- 
dilatation, and often complete refractoriness of the bronchioles to epinephrine 
was observed, despite the fact that the blood pressure was still responsive. At 
this time, a brief period (5 to 10 seconds) of lung distension with positive pressure 
(40 mm. of mercury) induced marked and sustained ma.ximal bronchodilatation. 

The bronchoconstrictor action of histamine under these conditions may also 
be partially or completelj' antagonized by lung distension with positive pressure. 

It is suggested that these effects of lung distension are due primarily to me- 
chanical stretching of the elastic tissue of the lungs. 

It is also shown that epinephrine is a more effective bronchodilator agent when 
sprayed directly into the lungs, than when injected; and conversely, histamine is 
a less effective bronchoconstrictor agent when sprayed than when injected. 
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Since the fundamental study of Barger and Dale (1) of the relationship between 
the chemical constitution and physiological action of the sympathomimetic 
amines, numerous investigations have been made of many structurally and 
pharmacologically related compounds. Only a few studies have been concerned 
with the influence of introduction of halogen atoms in the benzene ring of the 
basic phenethylamine structure (2-4). Suter and Weston (5) have recently 
synthesized p-fluorophenethylamine and p-fluorophenethyl-methylamine.^ In 
this study, these compounds’ have been compared with the corresponding un- 
substituted phenethylamine and phenethyl-methylamine and with the p-hy- 
droxyphenethylamine, tyramine. 

Blood PREsstmE effects. 1. Method. Hjort (6) has pointed out that repeated doses 
of the phenethylamines and phenethyl-methylamines may be given at frequent intervals 
without significant change in quantitative response. Consequently, the five agents under 
test were given in rotation to a comparatively small number of animals. 

Dogs. Ten apparently healthy, adult mongrel dogs (7-21 kgm.) were used; these were 
anesthetized with sodium barbital (330 mgm./kgm.) administered intraperitoneally 90 
minutes prior to use. One mgm. of atropine sulfate per kgm. was a dmi nistered intra- 
venously prior to the arterial cannulation. Carotid arterial blood pressure was recorded 
with the usual mercury manometer and soot kymograph. Five of the animals were stand- 
ardized with graded doses of epinephrine (4-20 microgm./kgm.) and one mgm. test doses 
of the agents per kgm., as 1 per cent solutions, injected into a femoral vein. The other five 
animals were standardized with graded doses of epinephrine (1-12 microgm./kgm.) and 
one-half mgm. test doses per kgm. used. See fig. 1 for portions of a typical experiment. 

Cats. Since much of the earlier work with sympathomimetic amines has been done with , 
the cat, we prepared 7 cats in the same manner as the dogs except that the median circum- 
flex branch of the femoral artery was stubcannulated and the pressure changes recorded 
vith a Lambert-Wood (7) strain-gage manometer recording through a Heiland type A 
galvanometer on photographic paper. The customary standardization with epinephrine 
was performed and the agents under investigation injected every 15 minutes for five to ten 
injections. 

Rabbits. Four rabbits were prepared in the same manner as the cats, except that only 
270 mgm. of sodium barbital per kgm. was used as an anesthetic. TsTamine and epineph- 
rine j-ield reproducible results in a given rabbit; the other agents do not. Changing the 
dose from 0.5 to 4 mgm./kgm. sometimes increased the pressor effect, sometimes produced 

1 In accordance with established usage, these compounds are named as derivatives of 
“phenethylamine” or “beta-phenethylamine” instead of through the systematic chemical 
name 2-phenyl-ethylamine. 

• I am grateful to Dr. C. M. Suter, Winthrop-Stearns, Inc'., Rensselaer, N. Y., for gener- 
ously supplying the fluorocompounds. I am grateful to D. A. Herring for technical as- 
sistance. 
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a depressor effect, sometimes no effect. This difficult 3 ^ with rabbits has been observed 
previously (8, 9). This portion of the problem was abandoned. 

Rats and guinea pigs. Eight rats (0.22-0.31 kgm.) and eight guinea pigs (0.40-0.75 kgm.) 
were prepared in the same manner as the cats, except that the carotid artery was caimu- 
lated and only 250 mgm. of sodium barbital per kgm. was used as anesthetic. It was found 
necessary to use doses of the agents of the order of 2 mgm./kgm. to obtain reasonable rises 
in blood pressure. Portions of a t 3 T)ical record are reproduced in fig. 2. 

2. Results. The results of the epmephrine-agent equivalence are summarized 
in the table. The use of a fixed dose of 1 mgm. of agent per kgm. is comparable 



till III I 
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.5 5 7.5 7.5 
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Fig. 1. Dog (female; 10 kgm.). 330 mgm. of Xa barbital per kgpa. 1 mgm. of atropine 
Eulfate per kgm. Blood pressure in mm. Ug, ordinate; time, in minutes, abscissa. Time 
mterval between injections, 15 minutes. E = l.epinephrine (as hydrochloride) in micro- 
^./km. as indicated. Five-tenths mgm. other drugs per kgm.; P = phenethylamine hj-dro- 
ohlonde, F = p-fiuorophenethylamine hj'drochloride, and T = tjTamine hydrochloride; 

to the work of others in the field. However, this dose of p-fluorophenethjd- 
amme and tyramine produce tremendous rises in mean blood pressure, and the 
difference in blood pressure rise per microgram increment of epinephrine is very 
small at these levels. Consequently, a comparable group of experiments at 
0.5 mgm./kgm. was carried out. To comply with the dictum of Barger and 
Dale (1) that sympathomimetic agents should be compared on equimolecular 
bases, the data available have been expressed in terms of moles of amine base 
and compared vith the pressor equivalent number of moles of epinephrine base. 
These activit}'' ratios are given in the table. The relative results obtained at 
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the 0.5 mgm. and 1.0 mgm. dose level are reasonably similar for the number of 
experimental observations involved. 

The average blood pressure rise following 5 microgm. of epinephrine per kgm. 
was 77.1 mm. Hg for the dogs, 41.5 for the cats, 51 for the rabbits, 71.4 for the 
rats, and 80.4 for the guinea pigs. 

Perfused heart. Since these agents produce cardioacceleration and perhaps 
increased cardiac output, 4 rabbit hearts and 3 cat hearts were prepared for 
perfusion by the method of Langendorff, and rate, force of contraction, and 
coronaiy outflow were recorded. Test doses of epinephrine and the agents under 
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Fig. 2. Rat (male; 0.27 kgm.). 250 mgm. of Na barbital per kgm. 1 mgm. of atropine 
Bulfate per kgm. Blood pressure in mm. Hg, ordinate ; time, in 10 eeoond intervals, absoissa. 
8.75 minutes of record deleted between injections. E = 5 microgm. l.epinephrine per kgm., 
P = 2mgm.phenetliylamine hydrochloride per kgm., F ■= 2 mgm. p-fluorophenethylamine 
hydrochloride per kgm., and T = 2 mgm. tyramine hydrochloride per kgm. 

investigation were added alternately to the perfusion fluid. One mgm. epi- 
nephrine per liter of perfusion fluid doubled the activity of therabbitheartsand 
often tripled the output of the cat hearts. Ten to fifty times this dose of ty- 
ramine had comparable effects. One cat heart doubled rate and force of con- 
traction at 20 mgm. p-fluorophenethylamine per liter; lower and higher concen- 
trations had less effect. All the other preparations exhibited depression from 
this agent and the other phenethylamines. Similar results for tyramine (10) 
and phenethylamine (8, 11) have been observed previously. 

* Action on bronchi. None of these agents gave evidence of bronchodilation 
in histamine-constricted guinea pig lungs prepared by the method of Tainter, 
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Pedden, and James (12), although good bronchodilation by epinephrine was 
obtained. Apparently the simple sympathomimetic agents closely related to 
phenethylamine are unable to produce effective bronchodilation or antagonism 
of histamine. 

Action on isoi<ated babbit jejunum. Three sections of iejunum from each 
of 5 rabbits were placed in oxygenated T 3 Tode solution. Concentrations of the 
five agents of less than 1 X 10"* Molar (about 160-190 microgm./ml.) had little 


TABLE 1 


cnnacAX kaict (aioke eybiochloexdes) 

A2m rOUCUIA 

VASOEKESSOE ACTIVITY 

Micro* 
grams 
cpine* 
ptiriDe 
eqoiv^ent 
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hydro- 
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Micro- 
grams 
epine- 
phrine 
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m^m, 
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Molecules 
of amine 
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molecule 
of 1-epine- 
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Micro- 
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epine- 
phrine 
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mgm, 
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HCI 

Microyams 
epinephrine 
equivalent to 
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amine 

hydrochloride 

Dog 

Dog 

Dog 

Cat 

Bat 

Guinea 

pie 

Phenethylanune 
^ CHjCHiKHrHCl 

5.0 

10.5 

116-111 

7.8 

4.0 

5.0 

Phenethyl-methylamine 

CH,C!HiNHCH.-HCl 

3.6 

■ 

i 

148-135 

B 

B 

2.2 

p-ITuorophenethylamine 

CH,CH.NH,-HC1 

7.0 

! 

13.1 

74-80 

8.4 

5.0 


p-Pluorophenethyl-methylamine 

F<^ CHjCHiNHCHvHCl 

5,0 

9.6 

97-100 

4.5 

3.6 

4.0 


10.0 

16.0 

53-66 

10.0 
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All blood pressure rises obtained are within the range of ± one microgram of the epi- 
nephrine equivalence given, except for tyranune at one mgm./kgm. and here the range is 
± three micrograms. 


or no action. Phenethylamine in a concentration of 1 X 10~’ Molar had a slight 
contractile action on all the strips, the phenethyl-methylamine had a slightly 
greater effect in six and less in the other nine, the p-fluorophenethylamine had 
considerably greater effect in all, but tjTamine had the most contractile activity 
of any of the agents. The p-fluorophenethyl-methylamine activitj' was between 
phenethylamine and p-fluorophenethylamine. Higher concentrations of these 
agents often produced diminution of tone, but the segments seldom returned to 
normal after “washing out” the amine. 
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Discussion. Barger (2) noted that p-chlorophenethylamine was more potent 
as a vasopressor agent than the unsubstituted compoimd, although less active 
than tyramine. This investigation has shovm that the introduction of the 
fluorine atom into the para position of the phenethylamine molecule also leads 
to an increase in activity. If the phenethylamine type agents simply act as 
ions that are able to stimulate vascular sympathetic nerve endings (13), then 
the' substitution of relatively electronegative atoms (14) like fluorine and chlo- 
rine, in the para position of the benzene ring, might be expected to influence the 
ionic strength of the molecule or the potential coulomb forces of attraction 
between the ion and the acceptor substance. This scarcely explains the greater 
activity of the para hydroxy compound or why these agents act more or less in 
a cholinergic manner on some isolated tissues. 

SDMMAIIT 

The replacement of the hydrogen atom in the para position of phenethylamine 
and phenethyl-methylamine •with a fluoiine atom leads to compounds that are 
more active as sympathomimetic amines, although not as active as tyramine, 
the compound with a hydroxy group in the para position of the phenethylamine 
molecule. 
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Modem progress in the development of drugs possessing specifically high 
antihistaminic properties is due in large measure to studies with the Foumeau 
series of compounds, which showed that dialkyl amino ethyl ethers (1) and 
ethylenediamines (2) were active in preventing histamine responses. Although 
such compounds were too toxic to be of practical value, the search by the French 
investigators for other synthetic compounds having a higher degree of activity 
and lower toxicity was rewarded with the discovery of these useful compounds, 
NLphenyl-N*-benzyl-N, N-dimethyl ethylenediamine (Antergan, 2339 RP) and 
N*-p methoxybenzyl-N*-a pyridyl-N, N-dimethyl ethylenediamine (Neoanter- 
gan, 2786 RR) (3). Similar accomplishment of high activity and low toxicity 
was obtained in this country with the discovery of several compounds, early 
examples of which are ^-dimethylaminoethyl benzhydiyl ether, Benadryl, (4) 
andN'-apyridyl-N*-benzyl-N, N-dimethyl ethylenediamine, Pyribenzamine, (5). 

In attempting to contribute further to the development of compounds with 
high antihistaminic activity and low toxicity, we have investigated a large series 
of compoimds. During the course of these studies it was observed that replace- 
ment of the dimethyl amino radical of Benadryl with the pyrrolidine grouping 
resulted in eiihancement of both local anesthetic and antihistaminic properties. 
Coincident with these studies, there appeared a report by Halpem (6) that 
certain thiodiphenylamine derivatives were of higher antihistaminic potency 
than Neoantergan. Several pyrrolidyl-alkyl-phenothiazines were therefore 
prepared (7). In evaluating the antihistaminic potencies and the toxicities of 
the members of this group of compounds thus far studied, one of them was found 
to be outstanding, because of its high activity and low toxicity. This compound 
is ^-pyrrolidineethyl-phenothiazine mono-hydrochloride (I-WBR-86), for which 
the name Pyrrolazote has been chosen. Its structural formula is as follows: 


/ 


<3 

^ N— CH-CHjN 


CH:— CHi 


• HCl 


^CH-— CH- 


HCl 


The pharmacologic properties of this compound were studied in further detail 
and compared with those of N’-a pyridyl-N'-benzyl-N, N-dimethyl ethylenedi- 
amine mono-hydrochloride (PjTibenzamine hydrochloride) in parallel experi- 
ments. 
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Antagonism of some of the pharmacologic and toxicologic actions of 
H isTAAHNE. Compounds were screened for antihistaminic activity by theiso- 
lated smooth-muscle test (method of Magnus). Evaluation of the activityin 
blocking the spasmogenic effect of histamine was made on isolated segments of 
guinea pig small intestine. The muscle segments, in a constant temperature 
bath at 37.S°C., were attached to a lever recording on akymograph. In each 
experiment several equal responses of the muscle to 1.0 microgram of histamine 
dihydrochloride per cc. of Tyrode’s solution bathing it were first recorded. The 
comparative activities of the p 3 Trolidylalkyl-phenothiazines are given in table 1. 
It is apparent that compound I-WBR-86 is the most active of the group. A 
direct comparison of this compound with P 3 rribenzamine by the isolated smooth- 
muscle test is shown in figure 1. The recordings of two successive responses of 
histamine are given prior to the introduction of the antihistamine. I-WBR-86 


TABLE 1 

Antihistaminic activity of some N -pyrrolidylalkyl phenothiazine hydrochlorides 
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* Benadryl = 1. 


was then added two minutes before the third administration of the same amount 
of histamine, and an inhibition of the response thus demonstrated. Subsequent 
doses of histamine, all of which were given at ten-minute intervals, did not elicit 
a normal response until the eighth dose after I-WBR-86, or seventy-two minutes 
later. The muscle, then having attained normal responsiveness, was used to 
determine the effect of Pyribenzamine. It can be seen that the degree of inhibi- 
tion to histamine effected by this drug is practically identical with that obtained 
with I-WBR-86. The duration of effect of Pyribenzamine by this test is, how- 
ever, only one-eighth that of I-WBR-86, since the same dose of histamine twelve 
minutes after Pyribenzamine again elicited a normal response. By reversing 
the order of administration of the drugs in other experiments, the same difference 
in duration of effect was apparent. 

The atropine-lilve properties of I-WBR-86 were investigated using as test 
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objects isolated segments of rabbit intestine contracted by the addition of ace- 
tylcholine chloride to the bath fluid. It was found that between two hundred 
and fifty and five hundred times as much I-WT3R-86 as atropine sulfate was 
required to obtain the same degree of relaxation. Published experiments (8) 



Fig. 1. Responses of an Isolated Segment op Guinea Pig Ileum to 1.0 Miceogbam op 
HisTAinNE Dihydrochlokide per cc. and the Effects op 0.2 RIicrograms of 
Ptrbolazote (I-WBR-S6) and Ptribenzamine per cc. Thereon 



TIME (HOURS) ELAPSED BETWEEN THE ADMINISTRATION OF 
THE ANTIHISTAMINES AND AN LD,qo OF AEROSOLIZED 
HISTAMINE. 

Fig. 2. Protection Afforded Guinea Pigs by Pyrrolazotb (I-WBR-S6) .and Pybibenz- 
amine (2.0 Mgm./Kgm. i.p.) Against an L.D.ioi) of Aerosolized Histamine 
Sixteen animals in each group. None of sixteen untreated guinea pigs sundved 


indicate that while Benadryl is more active than this, possessing approximately 
one-fiftieth the activity of atropine sulfate, P 3 Tibenzamine is practicallj' devoid 
of this tj’pe of activity'. Tliese studies indicate that I-HTBR-SG is highb’^ specific 
as a histamine antagonist. 
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Intoxication of guinea pigs. The protection afforded the antihistamines to 
guinea pigs exposed to an aerosol of histamine in a closed chamber has been used 
in these laboratories to evaluate their effectiveness. The method employed was 
that described by Loew and co-workers (4). Prior to the testing of I-WBR-86 
it had been found that Pyribenzamine afforded as great or greater protection 
than any other substance. I-WBR-86 and Pyribenzamine were therefore run 
in parallel on paired groups of guinea pigs until the series reported in figure 2 
was completed. The amount of histamine introduced into the chamber by 
aerosol at a constant rate which would kill all of the unprotected animals was 
determined. The protection afforded by 2.0 mgm. of antihistamine per kgm. 
and the duration of this effect were then determined by exposing the treated 
guinea pigs at varying periods of time to a normallj' fatal dose of histamine. It 
is apparent from the results in figure 2 that the protection afforded up to four 
hours after injection is comparable for both drugs. At the four remaining time 
intervals, however, I-WBR-86 definitely protects more animals than does Pyri- 
benzamine. The greatest difference in protection occurred eight hours after 

TABLE 2 


An eslimalioi of the protection afforded guinea ptgs bg I-WBR-86 and Pyribenzamine against 
histaminic intoxication as measured by their increased tolerance to histamine 


DOSEOFRISTAUIKE 

DIRYDKOCBLORtDE 

IKTRACARSIAIXY 

NO OF LETHAL DOSES 

RATIO OF NUMBER OF GUINEA PICS SURVIVING TO NUMBER 

OF GUINEA PICS USED 

Controls 

1 I-WBR.S6 1 Pyribenzamine 

1.0 mgm. per kgm 5.C. IS min. prior to 

I histamine 

mgm. per kgm. 





0.6 1 

1 

0/6 



12.0 

20 


6/10 

3/3 

18.0 

30 

i 

6/13 

8/13 


the administration of the antihistamines, at which time sixty-nine per cent of 
the guinea pigs on I-WBR-86 survived whereas only nineteen per cent of those 
on Pyribenzamine survived. I-WBR-86, therefore, appears to be effective for 
a longer period of time than Pyribenzamine as judged by both the activity it 
exhibits against histamine spasms of smooth muscle in vitro and the protection 
it affords against fatal histamine intoxication by aerosol in vivo. 

The antihistaminic activity of I-WBR-86 was demonstrated also against his- 
tamine introduced directly into the blood stream, either by vein or intracardiall}'. 
In normal guinea pigs not protected by an antihistamine, 0.6 mgm. of histamine 
dihydrochloride per kgm. caused death in one hundred per cent of the animals. 
This toxicity of histamine in guinea pigs can be decreased several fold by the 
prior administration of I-'\TOR-86. The results which are recorded in table 2 
show that 1.0 mgm. of either I-WBR-86 or Pyribenzamine per kgm. given sub- 
cutaneously fifteen minutes before the histamine protected approximately fiftj’ 
per cent of those guinea pigs administered thirty times the LDioo of histamine 
intracardially. 



PYRROLAZOTE 


201 




202 


VANDER BROOK, OLSON, RICHMOND AND KUIZENGA 


The minimum dose of these antihistamines effective in affording protection 
against one LDioo of histamine was also determined and found to be approxi- 
mately 20 micrograms per kgm. In the series of guinea pigs used in this experi- 
ment, a summarj' of which is given in table 3, 0.6 mgm. of histamine dihydro- 
chloride per kgm. was found to be the minimum dose killing all of a group of 
fiv^e. Thirteen of a group of twenty, however, survived the same dose of his- 
tamine, after having been given only 20 micrograms of I-WBR-SB subcutaneously 
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Fig. 4. Carotid Blood Pressure Tracing of a Dog Anesthetized with Sodiusi 

Phenobarbital 

Pyrrolazote (I-WBH-86) by vein at 2 0 mgm. per kgm. produced a transient vasode- 
pression of SS mm. Hg. It had no effect on the pressor response to epinephrine (E) while 
inhibiting the depressor response to histamine (H) 69 per cent. Time in minutes. 


TABLE 3 


An eslivinUon of the M E,D of I-WBR-86 and Pyribcnzamine in affording protection to one 
L.D 100 of histamine dihydrochloride by vein (0 6 mgm /kgm.) 


RATIO OF KUMBER OF GUINEA TICS SURVIVING TO NUUBER OF GUINEA PICS USED 


DOSE or ANTIHISTAUINE 



Controls 

I-WBR.86 

Pyribcnzamine 

fnicrogramz ftr hgm 




0 0 

0/5 



10.0 



2/10 

20.0 


13/20 

8/10 


fifteen minutes before the histamine. Again, the protection afforded was found 
to be comparable to that given by Pjrribenzamine. 

Vasodepression in cats and dogs. Histamine vasodepression in anesthetized 
cats and dogs can be effectively antagonized by I-WBR-86 administered either 
parenterall}’' or oralljL Reproductions of kymograph tracings of a few experi- 
ments are given in figures 3, 4, 5 and 6. From the responses recorded in figure 3 
it is apparent that I-ITOR-SG at a dose of 1.0 mgm. per kgm. in this cat raised 
the threshold to histamine approximately sixteen-fold, 3.84 and 7.68 micrograms 
of histamine per kgm. being necessary after the drug to obtain responses com- 
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parable to those produced prior to it bj’’ 0.24 and 0.48 micrograms per kgm., 
respectively. The period of time that elapsed between I-W^BR-SO administra- 
tion and the last injection of histamine ■was three hours, and although the his- 
tamine antagonism at this time was beginning to lessen there was still an eight-fold 
increase in the threshold to histamine, since 0.96 micrograms per kgm. produced 
about the same vasodepression as 0.12 micrograms per kgm. did before the anti- 
histamine. 


*^/^^^i^^.jr**^r***** 
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Fig. 5. Carotid Blood Peesstoe Tilacisg of a Dog Anesthetized with Sodihsi 

Phbnob akbital 

Pyrrolazote (I-ttTJR-Se) intraA-enously in small doses (0.2 mgm./kgm.) produced no 
vasodepression while inhibiting the depressor response to histamine (H) from 40 to 60 per 
cent. Time in minutes. 
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Fig. 6. Carotid Blood Peessure Tracing op a C.at Anesthetized with Sodium 

Phenob.abbital 

PjTroIazote (I-'WBR.S6) by stomach tube at 10 mgm./kgm. raised the threshold to 
nistamine (H) approximatelj’ four times. Time in minutes. 

Antagonism to histaminic vasodepression in a dog is shown in figure 4, where 
2.0 mgm. of I-WBR-86 per kgm. reduced the response to 0.54 micrograms of 
histamine per kgm. approximately seventy per cent. From figure 5 it can be 
sren that a dose as low as 0.2 mgm. per kgm. inhibited the depressor response to 
histamine in a second dog nearly forty per cent. These tracings, in addition to 
demonstrating the marked antihistaminic activity of I-WT3R-86, show that doses 
of 1.0 mgm. per kgm. and greater bj" vein produced an immediate but transient 
fall in blood pressure in these species. I-WBR-86 in smaller amounts did not 
produce vasodepression and was still very active as shown by the results ob- 
tained by 0.2 mgm. per kgm. in the second dog mentioned above. 

The effectiveness of I-IATJR-Sb after oral administration to a cat is illustrated 
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in ’figure 6. Maximum inhibition of histaminic vasodepression was not apparent 
until about one hour after 10 mgm. per kgm. had been given by stomach tube, 
at which time approximately a four-fold increase in the threshold to histamine 
was attained. 

In several experiments with both cats and dogs, it was observed that I-'WBR-86 
had no effect on the pressor responses to epinephrine. T3rpical responses are 
recorded in figure 4 where the pressor response to 0.43 micrograms of epinephrine 
per kgm. remained unchanged after 2.0 mgm. of I-'WBR-SG per kgm. The fact 
that the pressor response to epinephrine was not affected differentiates I-liVBR-SG 

TABLE 4 


Determination of the L.D.mo of egg white in sensitized guinea pigs 


AMOUNT INJECTED 

DILUTION 

SURVIVAL RATIO 

CC. 



0.1 

1-8 

0/3 

0.1 

1-12 

0/9 

0.1 

1-16 

1/3 

0.1 

1-24 

1/5 


TABLE 5 

An estimation of the protection afforded shocked guinea pigs by the prior administration of 

antihistamines 


Animals sensitized to hen egg white; shocking dose 0.1 cc. of 1:12 diln. 


DOSE 

SURVIVAL RATIO 



Pyribenzamine 

ffijm. fer kgm. 

1.0 

I-W'BR-S6 j 

1/3 

2/3 

2.0 

2/3 

2/3 

3.0 

2/3 

2/3 

4.0 

3/6 

3/6 

8.0 

7/10 

8/10 

16.0 

3/6 

2/6 

32.0 

3/3 

3/3 


in this respect from several other antihistamines. Sherrod, Loew and Schloemer 
(9) reported that Benadryl, Pyribenzamine and Neoantergan all enhanced 
the pressor response to epinephrine. Yonkman and co-workers (10) had also 
observ'ed this effect with Pyribenzamine. More recently enhancement of the 
pressor activity of epinephrine was observed also for N'(2-pyridyl)-N‘(2-thenyl)' 
N, N-dimethyl ethylenediamine hydrochloride by Lee, Dinwiddie and Chen (9). 

Antianarhylactic properties. Conflicting results have been reported in 
the literature concerning the action of the antihistamines in affording protection 
against anaphylaxis. Benadryl and Pyribenzamine have been investigated with 
regard to action on true anaphylactic shock in guinea pigs. That these sub- 
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stances do afford protection against anaphylaxis is indicated bj- the results ob- 
tained in several laboratories (5, 12, 13). Campbell and associates (14) have 
reported, however, that although Benadryl was eSective against histaminic shock 
in rabbits no apparent protection was afforded sensitized rabbits and guinea 
pigs against a shocking dose of antigen (hen egg white). 

To determine the antianaphj’lactic properties of I-\irBR-86, guinea pigs 
actively sensitized to hen egg white were used. The pigs were sensitized by two 
intraperitoneal injections of 0.1 cc. of undiluted egg white four days apart. 
Approximately three weeks later the minimum intracardial dose of egg white 
which killed one himdred per cent of vmprotected pigs was determined (see 
table 4). This amount, 0.1 cc. of a 1:12 dilution of egg white, was then used 
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Fig. 7. Respon'SEs of Isolated Segments of the Ileum of k Sensitized Guine.^^ Pig 
TO Egg White 1:12,500 Both in the .\bsence and PaESENCE of Ptbrolazote 
(I-WBR-SS) AND Ptribenzasiine 

The antihistamines were present at concentrations of 0.2 and 0 4 micrograms per cc. 
at 1 and 2, respective!}-. 


as the challenging dose of antigen administered intracardially fifteen minutes 
after a subcutaneous dose of the antihistamine. Table 5 shows that I-TTOR-SG 
and Pj-ribenzamine afforded comparable protection against anaphylaxis. One 
hundred per cent survival in this series was attained only at the 32 mgm. per 
kgm. dose, however. In a second series not nm in parallel with P 3 Tlbenzamine 
and on pigs from a different source, I-AVBR-8G at 2.5 and 5.0 mgm. per kgm. 
gave complete protection to two groups of five pigs challenged with a dose of 
antigen which killed fourteen of fifteen untreated animals. 

To demonstrate further that I-WBR-86 exerts an antianaphylactic effect, 
segments of small intestine from guinea pigs sensitized to egg white were used for 
studies in litro. The muscle bath and technique used for recording muscular 
spasms were the same as were used to record inhibitions of histaminic spasms. 
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'Intestinal segments from sensitized animals contracted in the presence of egg 
white 1 : 12,500 (Schultz-Dale Phenomenon), whereas segments from non-sensi- 
tized animals did not. When I-WBR-86 was added to the Tyrode’s solution 
bathing the intestine at a concentration, of 0.4 micrograms per cc.,’ the effect of 
a subsequent addition of egg white was almost completely antagonized. For 
purposes of comparison Pyribenzamine was run in parallel. The tracing re- 

TABLE 6 


Acute toxicity 


DOSE 

uonsE 

RAT 

RABBIT 

Intravenous | 

1 Subcutaneous 

Intravenous 

Intravenous 

I-WBR-86 

PBZ 

I-WBR-S6 

PBZ 

I-WBR-86 

1 PBZ 

I-WBR-86 

PBZ 

wgm./him. 






■■ 



10 






mum 


1/5 

12 






mum 


2/5 

14 


1/10 






5/5 

15 


3/10 




4/10 



16 


7/10 







IS 


6/10 




4/10 



20 


7/10 





i 


23 






10/10 



24 


i 







27 





6/10 


2/5 


30 

0/3 

1 



7/10 




32 







1/S 


33 

4/10 





1 



36 

3/10 





! 



38 

6/10 

1 





3/5 


40 

6/6 

1 







45 







3/5 


50 




1/9 





62 




4/10 


1 



75 

1 

i 


9/9 





800 


1 

5/20 






1000 


i 

7/20 






1200 



5/20 






1500 



10/20 






1800 



15/20 






Appro.x. LDso 

37 

16 

1340 

64 

26 

16 

36 

12 


corded in figure 7 shows that I-TirBR-SG and Pyribenzamine were equally effec- 
tive in preventing this type of response. 

Toxic action and other properties. Acute toxicity. Estimates were made 
of the amounts of both I-'OTBR-SG and Pyribenzamine required to produce mor- 
tality in mice, rats and rabbits. The results tabulated in table 6 show that 
I-WTBR-SG is considerably less toxic than PjTibenzamine in these species. Symp- 
toms of intoxication at high doses consisted of convulsive seizures and rapid 
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respiration preceded in some instances by prostration and paralysis of short 
duration. 

Chronic ioxiciiy. Yoxmg white male rats (60 grams) in groups of ten were 
administered I-WBR-86 by stomach tube five days each week at five dosage 
levels: namely 10, 25, 75, 150 and 300 mgm. per kgm. for periods of 10, 10, 10, 
8j and weeks respectively. Control groups of rats were administered tap 
water. Ssmiptoms of intoxication were observed in rats receiving doses greater 
than 75 mgm. per kgm. Drowsiness, ruffled coats and difficult breathing were 
the chief symptoms. Those rats on 300 mgm. per kgm. developed distended 
abdomens which were caused by enlargement of the liver. A dose of 10 mgm. 
per kgm. produced no gross pathology, and growth was not impaired. Rats on 
larger amounts gained less than untreated controls. 

An extensive histopathologic study of the tissues of these animals by Dr. A. 
James French, Associate Professor of Pathology at the University of Michigan, 
revealed no changes from the normal in any organ except for degenerative fatty 
infiltration in the liver which was of moderate degree at 25 mgm. per kgm. and 
more marked at higher doses. At 10 mgm. per kgm. no abnormal morphology 
could be found. 

Local tissue damage. A one per cent solution of I-WBR-86 instilled into the 
eyes of rabbits produced definite irritation and local anesthesia. This solution 
caused no grossly observable damage when injected subcutaneously in mice. 
In guinea pigs it produced slight induration and petechiae, while in rats it pro- 
duced moderate induration and ecchymosis and only very slight necrosis. The 
local tissue reactions to Pyribenzamine and Benadryl were similar but those to 
Benadryl were more severe in all three species. 

■Anlisialagogue activity. A comparison was made of the antagonistic effects 
of I-WBR-86 at 15 mgm. per kgm. and atropine sulfate at 0.3 mgm. per kgm. on 
pilocarpine-induced salivation in a group of eight rabbits. At these doses 
atropine sulfate reduced the salivary output per hour per rabbit from an average 
control level of 28.6 cc. to 0.2 cc. whereas I-WBR-86 only reduced it to 19.1 .cc 
Hence I-WBR-86 appears to possess much less than one-fiftieth the antisiala- 
gogue activity of atropine sulfate. 


SUMMABT 

1. Beta-pyrrolidineethyl-phenothiazine monohydrochloride (Pyrrolazote) was 
compared with Pyribenzamine and demonstrated to be a potent antagonist to 
many of the pharmacologic responses of histamine. It was found to be effective 
for a longer period than Pyribenzamine as indicated by tests against histaminic 
spasms in vitro and protection against an aerosol of histamine in vivo. 

Hyrrolazote was shown to possess antianaphylactic properties similar to 
those of Pyribenzamine. 

Hyrrolazote neither enhanced nor antagonized the pressor effects of epi- 
nephrine in contradistinction to the enhancement produced by Pyribenzamine- 
4. Acute toxicity studies in three species showed Pyrrolazote to be from one- 
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half to one-twentieth as toxic as Pyribenzamine depending upon the route of 
administration and species used. 

5. Chronic toxicity studies in rats showed that a dose of 10 mgm. per kgm. 
orally five days each week for ten weelcs was innocuous. Histopathology limited 
to degenerative fatty infiltration of the liver occurred at doses of 25 mgm. per 
kgm. and greater. 
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Because of the success of the tannic acid method of treatment of bimns, it 
seemed worthwhile to investigate a substance which might eliminate or at least 
decrease some of the objectionable properties of tannic acid, but at the same 
time maintain or even increase its favorable properties. 

According to statistics compiled from 1,369 cases by Harkins (1), tannic acid 
treatment reduced mortality from 26.7 per cent to 10.5 per cent. Bettman (2), 
m a consecutive series of 778 cases, reported a mortality of only 3.1 per cent with 
combined tannic acid and silver nitrate treatment. 

The disadvantages of tannic acid are: masking of underlying infection by the 
eschar; cracking of stiff eschar and curling of its edges; black appearance of the 
tanned area; delay of healing; possibility of liver damage (3). The major one 
of these is the possible production of liver necrosis produced by the absorption 
of tannic acid into the general circulation. 

The pharmacological investigation of the tannin obtained from Pinus Caribaea, 
Morelet, was suggested after a consideration of the properties of this natural 
tannin and its ability to react with proteins in a manner similar to tannic acid (4). 
"niis experimental work gives a comparison of the relative toxicities of the phlo- 
batannin of Pinus Caribaea and tannic acid, and a comparison of the effects of 
these two tanning agents in the local treatment of bums. 

A preliminary phjrtochemical investigation of this phlobatannin has been 
carried out by two of the authors (4), 

The phlobatannin used in this work was crude phlobatannin obtained bj' defatting the 
inner bark of the slash pine tree, Pinus Caribaea, Morelet. extracting with 95 per cent alco- 
hol, and then removing the alcohol by vacuum distillation. 

All experimental work with phlobatannin was carried out in parallel with tannic acid. 

HETEtonNATioN Or LDio iSTKAPERTrOKnALi-T IN incE. Test animals were young male 
and female mice varj-ing from 18 to 22 grams in weightand averaging 19.1 grams. A total of 
325 mice were used, 170 on phlobatannin, 125 on tannic acid, and 30 on saline. The work 
was accomplished during the late winter and early spring months and the mice were kept 
at room temperature, about 25°C. 

Studies were conducted in groups of 5, 10, or 15 mice in each treated group and, there- 
fore, the data in the tables represent a summation of the results obtained from several 
experiments. All deaths occurring within one week of injection are included. Injections 
were made intraperitoneallj-. 

Phlobatannin was administered as 05, 0.4, 0.6, 05, 1.0, 1.5, and 2.0 per cent solutions in 


> This work was presented as part of a thesis to the Graduate School at the University 
of Minnesota in partial fulfillment of the degree of Doctor of Philosophy. 
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water, tannic acid as 0.1, 0.2, 0.25, 0.3, and 0.4 per cent solutions in water. Controls were 
injected with 0.9 per cent solutions of sodium chloride in water. 

Calculations of the LDjo were made according to the method of Litchfield and Fertig 
(5) from dosage effect curves plotted from probits of the per cent mortality and logarithms 
of the doses taking into consideration the standard error of the logarithms of the LDjo. 

The data obtained on the acute toxicity of phlobatannin are presented in 
table 1, and of tannic acid in table 2. No deaths occurred in the group of 30 
control mice. The LDso of phlobatannin was calculated to be 319.9 ± 13.2 mgm. 
per kgm. The LDso of tannic acid was calculated to be 54.32 ± 2.25 mgm. per 

TABLE 1 


Data for determination of LDm of phlobatannin 


DOSS 

KO. or VICE 

i 

NO. DCID 

% WOSTAUTV 

AV. tis£e: or death 

mim./hgm. 

\ 



hr. 

40 

5 

1 

20.0 

151 

80 

IS 

1 

6.6 

68 

120 

30 

3 

10.0 

65 

160 

30 

5 

16.6 

21 

200 

30 

6 

20.0 

1 45 

300 

30 

10 

33.3 

60 

400 

30 

22 

73.3 

50 


TABLE 2 

Data for determination of LDm of tannic acid 


DOSE 1 

KO. OF UICG 

NO. DIED 

1 

% siosTAury i 

AV. TDIE or DEATH 

mgm./ltm, j 

20 1 

5 

0 

0.0 

hr. 

40 

30 

2 

6.6 

48 

50 

30 

10 

33.3 

43 

60 

30 

19 

63.3 

37 

80 

30 

29 

96.6 

29 


kgm. The survivors were kept for 28 days. If the few additional deaths oc- 
curring in the 8 to 28 day period were included, the LDco for phlobatannin 
would be 263 ± 20.5 mgm. per kgm., and for tannic acid 54.96 d= 2.10 mgm. 
per kgm. 

Autopsies were performed on most of the mice dying in the 28 day period. 
Both the phlobatannin and tannic acid mice frequently showed congested lungs. 
In addition several of the tannic acid mice showed hemorrhage in the pleural 
cavity. Fifty per cent of the phlobatannin mice showed moderate congestion 
of the liver, while 75 per cent of the tannic acid mice showed moderate to marked 
congestion of the liver. Hemorrhage in the intestines occurred in 20 per cent 
of the tannic acid mice as compared to 5 per cent for the phlobatannin mice. 
All surviving mice were sacrificed at the end of twenty-eight days and autopsied. 
The only gross pathologic change noted was the formation of adhesions in the 
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peritoneal cavity whicli were more frequent among the mice injected with phlo- 
batannin than with tannic acid. 

Microscopic examinations of the liver were kindly made by Drs. E. T. Bell 
and J. S. McCartney of the Department of Pathology. The tannic acid mice in 
^ general showed rather extensive central necrosis and severe injury to the liver. 
The phlobatannin mice, on the other hand, showed a peculiar diffuse hepatitis 
consisting of uniform infiltration with polymorphonuclear leucocytes and miliary 
infarcts. Some evidence was obtained suggesting that this condition was 
reversible. 

Local thekapt op expekimental bukns. For the local treatment of the experimental 
bums, 5 and 10 per cent aqueous solutions of phlobatannin and tannic acid were used. Con- 
trols were treated with an 0.9 per cent solution of sodium chloride in water. The experi- 
mental animals were young white male rats averaging 304 grains in weight. The rats were 
anesthetized with 60 mgm. per kgm. of sodium pentobarbital intraperitoneally , then clipped 
as closely as possible on the back with scissors, washed with soap and water, shaved and 
dried. Burns were produced on the prepared areas by the general method described by 
Barnes and Rossiter (6), which consisted of holding a beaker containing boiling water firmly 
against the prepared area for 30 seconds as timed by a stop watch. Inasmuch as a rat does 
not blister when burned, the area was then immediately denuded with scissors leaving a 
very deep wound equivalent to a third degree bum. 

The experimental work was carried out in three separate groups. Group I consisted 
of 8 rats which were burned by using a 50 cc. beaker, and were treated with the appropriate 
agent applied bj’ cotton pledgets. Groups II and III (15 and 17 rats respectively) were 
burned by using a 10 cc. beaker, with treatment applied by spraying from an atomizer. 
All controls were treated by the cotton pledget method. A total of 40 rats was used; they 
were kept in individual cages. Local therapy was begim 30 minutes after the burn was 
produced. A second application was made 20 minutes after the first, following which the 
burns were treated every 10 minutes until a total of seven applications was completed. 

Data on Group I rats are presented in table 3. These rats received the largest 
bums of the three groups. All burned areas showed progress towards tanning 
Within the first twenty-four hours, but forty-eight hours were required to cover 
the bum completely with an eschar by phlobatannin or tannic acid action. No 
controls were run in this group. The column labeled “Duration of Eschar” 
refers to the length of time that the original eschar remained completely intact. 
The “Healing Time” refers to the total days required for all traces of an eschar 
to be gone and the area completely healed. “Size of the Scar” refers to the 
maximum points of measurement of the final scar tissue after complete healing. 

The appearances of the tanned areas were markedly different in the two treated 
groups. Tannic acid caused a typical black, rough, stiff, and tough eschar. 
Phlobatannin, on the other hand, produced an eschar that was more of a flesh 
color, about the same thickness as that of tannic acid but not quite as stiff or as 
rough. After loss of the original eschars, the wounds remained open about 
twice as long with tannic acid as with phlobatannin. 

Data on the rats in Group II are presented in table 4 and on rats in Group III 
m table 5. The procedures were the same in both groups except that most of 
the animals in Group III were retreated by spraying every 10 minutes for a total 
of five times whenever the wound became open. In addition. Group III con- 
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TABLE 3 


Group I— White rats burned by contact of SO ec. heokir 
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TABLE 4 

Group II — White rata burned by contact of 10 ec. beaker 
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* Indicates rats that were accidental deaths. 


tained 2 rats that were treated with a 5 per cent and a 10 per cent solution of 
the phlobatannin that had been stored in a refrigerator for six years. Neither 
retreatment nor the age of the phlobatannin had any significant effect on the 
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healing of the bums. Rat No. 8 became infected and was sacrificed on the 
thirty-fiiBt day. An autopsy showed all organs to be normal in appearance, 
even though the bum was retreated a number of times. 

From the results obtained in the treatment of bums as given in the above three 
tables, it may be noted that eschars were usually formed in twenty-four to forty- 
eight hours in all groups but tended to remain completely intact longer on the 

TABLE 5 


Group III— White rata burned by contact of 10 ee. beaker 
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Indicates burns retreated as soon as they became open. 


P obatannin rats than on the tannic acid or control rats. However, little 
t erence was evident in the total time for complete healing in the three groupw. 

^ount of final scar tissue was produced by 10 per cent phloba- 

SUMMARY 

Tannic acid, injected intraperitoneally into mice, caused necrosis of the liver 
hepa^ produced a different type of liver injury, namely, a diffuse 
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The LDeo of tannic acid intraperitoneally in mice was calculated to be 54.32 ± 
2.25 mgm./kgm. whereas the LDso of the phlobatannin of Pinus Caribaea, More- 
let, was 319.9 ± 13.2 mgm./kgm. Thus phlobatannin has approximately one- 
sixth of the acute toxicity of tannic acid. 

In the local treatment of bums, solutions of phlobatannin and of tannic acid 
were about equal in respect to time required for the formation of a complete 
eschar over the burned area. However, the eschars formed with phlobatannin 
remained completely intact slightly longer, were less stiff and brittle and were 
lighter in color than those produced by tannic acid. 

This experimental work indicates that Pinus Caribaea phlobatannin possesses 
the beneficial properties of tannic acid in the local therapy of bums, but is 
decidedly less toxic. 
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THE RELATIONSHIP OF CHOLINESTERASE INHIBITING ACTIVITY 
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The receat experimental clinical use of diisopropyl fluoropliospliate (DFP) in 
myasthenia gravis (1, 2), glaucoma (3), and paralytic ileus (4), and the proposed 
use of hexaethyl tetraphosphate (HETP) and tetraethyl pyrophosphate (TEPP) 
as insecticides and rodenticides (5, 6) has focused attention on the anti-enzymatic 
activity as well as the toxicity of organic phosphorus compoimds. For example, 
DIT (7, 8), HETP (5, 9, 10), and TEPP (6, 10) are aU knorvn to be potent in- 
liibitors of cholinesterase and to possess a high degree of toxicity. That the 
pharmacological effects resulting from the administration of DFP to animals and 
man are associated ndth inhibition of tissue cholinesterases has been demonstrated 
l>y the studies of Modell et. al. (11), Koelle and Gihnan (12), Mazur and Bodan- 
sky (7), Comroe et. al. (1, 13), Harvey et. al. (2, 4, 14, 15), and Nachmansohn 
(Ih), hut it has not been fully established that the toxicity of DFP and other 
anti-cholinesterases is entirely dependent on their cholinesterase inhibiting prop- 
erties. Should other factors be in part or wholly responsible for the’toxicity of 
these compounds, then additional organic phosphorus compounds might be 
found which would be potent cholinesterase inhibitors but relatively less toxic 
than those so far investigated, and, therefore, of potential clinical use. To elu- 
cidate further the relationship between anti-cholinesterase activity and toxicity, 
,fhe degree of in vitro inhibition of rat brain cholinesterase caused by 43 organic 
phosphorus compounds was compared with their intraperitoneal toxicity to mice, 
'ttirtj’-eight of these inhibited cholinesterase weakly or not at all and were rela- 
tively rion-toxic. These will not be considered further in this report. 

^Uterials and methods. 1. Anti-Cholinesterase Activity, Cholinesterase activity 
'TM determined by a modification of the method of Ammon (17). The hydrolysis of acetyl- 
c oline was followed manometrically bj' means of the liberation of carbon dioxide from a 
^Hibs-Ringer-bicarbonate buffer (18) in Warburg vessels. The coneentraton of acetyl- 
c loline in the final volume of 4.0 cc. was 0.015 M. The source of enzyme was 1.0 cc- of the 
centrifuged supernatant from a rat brain-buffer homogenate prepared in the Waring 
lendor, The amount of the inhibiting agent calculated to give the desired final 
concentration was introduced in 0.1 cc. of propylene glycol, and this amount of propylene 
6*1 col was also included in the control vessels. After gassing the vessels with 95 per cent 
nitrogen 6 per cent carbon dioxide for ten minutes and equilibrating at 37® C. for 10 minutes, 
t G ncctylcho line was tipped into the main vessel from the side arm. Readings w^rc taken 

* A preliminary report of this work appeared in Fed, Proc., 7: 231, 1948. 

* Captain, M.C., A.U.S. 

Present address; Research Grants Division, The National Institute of Health, 
Bethesda H, Mao'land. 
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at 10, 40 and 76 minutes after tipping. Percentage of inhibition was calculated by compari- 
son with controls containing the same enajune preparation without the inhibitors. A cor- 
rection was made for the nonenzymatio hydrolysis of acetylcholine and, in one case (Com- 
pound No. 2, table 1), it was necessary to make an allowance for a gas which was given off 
by the inhibitor during the determination. All of the compounds were tested in a series of 
dilutions from which the concentration causing SO per cent inhibition was determined 
graphically. ' 

2. Toxicity. The toxicity of all compounds was tested by intraperitoneal injection in 
C.F. albino mice weighing between 17 and 27 grams. Median lethal doses (LDjo’s) were 
calculated by the method of Bliss (19) using mortality data obtained by the injection of 
groups of six mice at each of six dose levels. The period of observation, following a single 
injection, was seven days. Toxicity studies and determinations of cholinesterase inhibiting 


TABLE 1 

Anti-cholinesterase activity and toxicity 





V. CONC. TOE 

i 


NO. 

NAVE 

1 

roufuzji 

50% JNSIBI* 
TION CB0I.1N> 

LSM db 1 sx. 

1 LDH 




CSTZ&ASE 




1 



mgm./igm. 


l.i 

Tetraethyl pyro- 

(C,H,0)jP00P0(0C.H.)s 

6.3 X 10-' 

1.16 ± .Hi 



phosphate 






i 

((CjH.O)jOPO)j POCH, 

1.0 X io-» 

3.49 ± .17 

9.48 


Diisopropyl fluoro- 

FPO[OCH(CHj)jI. 

4.3 X 10-’ 

8.96 =b 1.04 

48.6 

n 

phosphate 






Diisopropyl chloro- 

ClPOlOCHfCH.W, 

2.0 X 10-< 

29.2 db 1.3 

1 146 

H 

phosphate 






p-Chlorophenyl di- 

p-ClC,H,PO(OCsH.)j 
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activity were carried on simultaneously when compounds which were thought to be unstable 
were being investigated. 

Results. The five compounds that proved to be potent inhibitors of cho- 
linesterase were tetraethyl pjTophosphate, [(QjHsO): OPO h POCHj, diisopropyl 
fluorophosphate, diisopropyl chlorophosphate, and p-chlorophenyl diethoxy phos- 
phine oxide.'* The percentage inhibition of cholinesterase obtained with varying 
concentrations of each of these compounds is presented graphically in fig. !• 
Since the midportions of the resulting curves appeared to be linear, the straighf 
lines that would best fit the e.xperimental points were calculated by the method 
of least squares. It is interesting to note that the slopes of the lines are nearly 
identical. This may indicate a similar mechanism of reaction between choto" 
esterase and each of these inhibitors. All seven compounds caused 50 per cent in- 
hibition of cholinesterase activity in concentrations of 1.6 X 10~* molar or less, 
as shown in table 1. 

* This compound was the only one of the five potent inhibitors that regularly resulted 
in delayed mortalitj’, deaths occurring anytime from a few minutes to five days after in- 
jection. The pathologic effects of this compound are described elsewhere (20). 











CHOLINESTERASE INHIBITION TO. TOXICETT 


217 


The results of the toxicity determinations are also presented in table 1. When 
the negative logs of the molar concentrations of these compounds causing 50 per 
cent inhibition of cholinesterase were plotted against the logs of the LDso’s in mi- 
cromols, a straight line was obtained (fig. 2). The coefficient of correlation of 
these tivo variables is 0.99 with one chance in 1000 that it is less than 0.87. 

Discussion. It was not e.xpected that the in vitro cholinesterase inhibiting 
activity as determined in these studies would bear a precise relationship to tox- 
icity. In vivo, the rate of absorption of the compounds from the site of injection, 
the rate of hydrolysis, of enzymatic detoxification, and of excretion, and the solu- 



NEa LOG MOLAR CONC. OF INHIBITOR 


ChoVnesterase inhibition to. concentration of inhibitor. 1. Tetraethyl pyro- 
2. KCsHiOJ-OPO]! POCH, , 3. Diisopropyl fiuorophosphate, 4. Diisopropyl 
orophosphate, 5. p-Chlorophenyl diethoxy phosphine oxide. 

b'lity in the lipids of the nerv^ous system might all affect the degree of cholines- 
inhibition. Du Bois et. al. (21) found that the ratio of in vitro to in vivo 
c 0 inesterase inhibiting activity varied in a group of drugs somewhat more 
eterogenous than the one studied here. 

IS striking, therefore, that a correlation can be made between the degree of 
c 0 inesterase inhibition and the toxicity of the five potent anti-cholinesterases 
iniestigated in this study. This was shown by the straight line relationship 
the logs of the LDso’s and the logs of the concentrations causing 50 per 

cent inhibition. 

Dixon and Needham (22) tested the effects of DFP and other fluorophosphates 
number of enzyme systems and found that only cholinesterase was inhibited. 
. ey stated that these drugs are the most powerful and specific enzyme in- 
nibitors knoam. 

. ^^°^ell ct. al. (11), considering the cause of death resulting from DFP poison- 
'ag, concluded, on the basis of an investigation of the general systemic effects of 
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at 10, 40 and 70 minutes after tipping. Percentage of inhibition was calculated by compari- 
son with controls containing the same enzyme preparation without the inhibitors. A cor- 
rection was made for the nonenzymatic hydrolysis of acetylcholine and, in one case (Com- 
pound No. 2, table I), it was necessary to make an allowance for a gas which was given off 
by the inhibitor during the determination. All of the compounds were tested in a series of 
dilutions from which the concentration causing 60 per cent inhibition was determined 
graphically. 

2. Toxicity. The toxicity of all compounds was tested by intraperitoneal injection in 
C.F. albino mice weighing between 17 and 27 grams. Median lethal doses (LDio’s) were 
calculated by the method of Bliss (19) using mortality data obtained by the injection of 
groups of six mice at each of six dose levels. The period of observation, following a single 
injection, was seven days. Toxicity studies and determinations of cholinesterase inhibiting 
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activity were carried on simultaneously when compounds which were thought to be unstable 
were being investigated. 

Results. The five compounds that proved to be potent inhibitors of cho- 
linesterase were tetraethyl pyrophosphate, [(CcHsO): OPO]* POCHj, diisopropyl 
fluorophosphate, diisopropyl chlorophosphate, and p-chlorophenyl diethoxy phos- 
phine oxide.^ The percentage inhibition of cholinesterase obtained with vayying 
concentrations of each of these compounds is presented graphically in fig. 
Since the midportions of the resulting curves appeared to be linear, the straigW 
lines that would best fit the experimental points were calculated by the methw 
of least squares. It is interesting to note that the slopes of the lines are near!) 
identical. This may indicate a similar mechanism of reaction between cholia* 
esterase and each of these inhibitors. All seven compounds caused 50 per cent in* 
hibition of cholinesterase activity in concentrations of 1.6 X 10"' molar or lesSi 
as sho'R'n in table 1. 

* This compound was the only one of the five potent inhibitors that regularly resuh®^ 
in delayed mortality, deaths occurring anytime from a few minutes to five days after in- 
jection. The pathologic effects of this compound are described elsewhere (20). 
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The results of the toxicity determinations are also presented in table 1. When 
the negative logs of the molar concentrations of these compounds causing 50 per 
cent inhibition of cholinesterase were plotted against the logs of the LDso’s in mi- 
cromols, a straight line was obtained (fig. 2). The coefficient of correlation of 
these two variables is 0.99 with one chance in 1000 that it is less than 0.87. 

Discussion. It was not expected that the in vitro cholinesterase inhibiting 
activity as determined in these studies would bear a precise relationship to tox- 
icity. In vivo, the rate of absorption of the compounds from the site of injection, 
the rate of hydrolysis, of enzymatic detoxification, and of excretion, and the solu- 
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Cholinesterase inhibition vs. concentration of inhibitor. 1. Tetraethyl pyro- 
pv,°®P“ate, 2. l(CjHiO)jOPO]i POCH, , 3. Diisopropyl fluorophosphate, 4. Diisopropyl 
lorophosphate, 5. p-Chlorophenyl diethoxy phosphine oxide. 


bility in the lipids of the nervous system might all affect the degree of cholines- 
tcraK inhibition. Du Bois et. al. (21) found that the ratio of in vitro to in vivo 
cholinesterase inhibiting activity varied in a group of drugs somewhat more 
heterogenous than the one studied here. 

It is striking, therefore, that a correlation can be made between the degree of 
c olinesterase inhibition and the toxicity of the five potent anti-cholinesterases 
iniestigated in this study. This was shown by the straight line relationship 
etVMn the logs of the LDjo’s and the logs of the concentrations causing 50 per 
cent inhibition. 

DLxon and Needham (22) tested the effects of DFP and other fluorophosphates 
^a number of enzyme systems and found that only cholinesterase was inhibited. 

ey stated that these drugs are the most powerful and specific enzj-me in- 
hibitors known. 

Modell et. al. (11), considermg the cause of death resulting from DFP poison- 
ing, concluded, on the basis of an investigation of the general systemic effects of 
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this drug in cats, that most of tlie important systems of the body are affected by 
DFP, and that the major action which leads to these changes is probably the 
inhibition of cholinesterase. They noted, however, that death after massive 
doses of DFP in animals protected with atropine seems to involve a combination 
of central and peripheral paralysis of a nature similar to that caused by nicotine. 

The investigations of Koelle and Gilman (12), Comroe et. al. (1, 13), Harvey 
et. al. (2, 4, 14, 15), and others indicate that the pharmacological and clinical 



Fig. 2. Relationship of anticholinesterase activity to toxicity. 1. Tetraethyl pyro- 
phosphate, 2. ((CjHjO )2 OPO)j POCHj , 3. IJiisopropyl fluorophosphate, 4. Diisopropyl 
chlorophosphate, 5. p-Chlorophenyl diethoxy phosphine oxide. 

effects of DFP are associated with low red blood cell and brain cholinesterase 
levels. Mazur and Bodansky (7) noted, following the injection of DFP into 
rabbits and monkeys, that the brain cholinesterase level was zero in animals that 
died, but several of the survivors also showed zero or negligible brain cholinester- 
ase levels. Nachmansohn and Feld (16), on the contrary, recently reported that, 
in a group of rabbits injected with a particular dose of DFP, all those that died 
showed zero or negligible brain cholinesterase levels while, in sur\dvors, cho- 
linesterase was always present in from 10 to 50 per cent of the normal amounts m 
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the brain. They believe that the difference between their results and those of 
Mazur and Bodansky is due to certain refinements in technique which they de- 
scribe. Nachmansohn and Feld conclude that, in view of the high specificity of 
action of DFP and its powerful effect on cholinesterase in low concentrations, the 
coincidence of death and inactivation of cholinesterase suggest that the toxicity 
of the compound is due to its action on the enzyme. 

Chadwick and Hill (23) have recently demonstrated that DFP and HETP are 
potent inhibitors of the cholinesterase activity of roach nerve cord in vitro and 
in vivo. They found that the percentage of mortality after injection of DFP was 
closely paralleled by the degree of enzyme inhibition which resulted from the same 
dosage. They concluded that, although the possibility of other toxic mecha- 
nisms for these agents is not excluded, their toxicity is largely a function of their 
anticholinesterase activity. 

Miller and Gmsberg (24), having demonstrated that survivors and non-sur- 
vivors of LDjo doses of a prostigmine analogue and DFP showed no significant 
difference in the free acetylcholine levels of either brain or sub-maxiUary gland, 
concluded that the amount of acetylcholine liberated at the site of action of a 
cliolmergie drug is not the primary factor responsible for the physiologic activity 
of such a drug. This conclusion might be questioned since there seems to be no 
feason to expect a significant difference in the free acetylcholine found in the 
tissues of survivors and non-survivors of an LDjo dose. It is well known that 
individuals within a group may vary in their sensitivity to acetylcholine. 

The fact that, in the present study, the logs of the LDjo’s of a group of anti- 
cholinesterases of a wide range of toxicity were proportional to the logs of the con- 
centrations necessarj' to produce 50 per cent inhibition of a brain cholinesterase 
preparation, may be interpreted as additional evidence that the toxicity of 
these compounds is primarily due to the inhibition of cholinesterase. 

SXJMMABT 

!• The degree of in vitro inhibition of rat brain cholinesterase caused by five 
organic phosphorus compounds is compared with their intraperitoneal toxicity 
to mice. These compounds are: (1) tetraethyl pyrophosphate, (2) [(C2H60)2 
OPOh POCH 2 , (3) diisopropyl fluorophosphate, (4) diisopropyl chlorophosphate, 
(5) p-chlorophenyl dietho.xy phosphine o.xide. The concentrations in which these 
compounds cause 50 per cent inhibition of cholinesterase activity and their 
LDjo’s in micromols and mgm. per kgm. are presented in tabular form. 

2. The logs of the LDjo’s of these five potent cholinesterase inhibitors are 
proportional to the logs of the molar concentrations causing 50 per cent inhibi- 
tion of cholinesterase. The significance of this finding is discussed. 

The authors wish to express their appreciation to Mr. Jack P. Saunders and 
Doctor Williaraina A. Himwich for technical advice, to Miss Frieda F. Faiman 
and !Mrs. Lottie K. Jandorf who did the statistical analj’ses, and to the Technical 
Command, Army Chemical Center, and the Monsanto Chemical Company, who 
.‘supplied the compounds investigated in this study. 
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Since the original discovery that ergot alkaloids would block the excitatory 
effects of the sionpatho-adrenal system (1), many drugs have been fotmd which 
possess this activity. Extensive studies have been carried out to show the antag- 
onistic action of these drugs against epinephrine and similar sympathomimetic 
amines and against direct stimulation of sympathetic nerves (2-5). Compara- 
tively few experiments have been carried out on reflexly induced sympathetic 
effects. We have investigated the effects of certain typical adrenergic blocking 
agents* against the blood pressure rise produced by temporary acute oxygen 
lack. 

Expebimental pbocedure. Sixteen apparently healthy, adult mongrel doge (6.1-14 kgm.) 
were used; these were anesthetized with sodium barbital (330 mgm./kgm.) administered 
intraperitoneally 90 minutes prior to use. One-half the animals also received 1 mgm. atro- 
pine sulfate per kgm. Blood pressure was recorded by the usual mercury manometer and 
soot kymograph or by ink-writing mercury manometer and continuous strip kymograph. 
The trachea was cannulatcd. Test doses of 2.2 micrograms of epinephrine hydrochloride 
per kgm. wore 'injected intravenously into an exposed femoral vein. This was followed, 
after a five minute rest period, by 0.2 mgm. of ephcdrinc hydrochloride per kgm. After 
an additional rest period, the tracheal cannula was connected for 60 seconds to a gas re- 
servoir containing 7 per cent oxygen-93 per cent nitrogen by volume (we are grateful to Dr. 
J. C. Stickney for the control gas analyses and for calibration qf the apparatus). Flutter 
valves were so arranged that the animal could only inhale from the reservoir and only ex- 
hale to the outside atmosphere. Some of the early experiments were also run with atmos- 
pheres containing 5 per cent and 9 per cent oxygen. Some animals were exposed to simple 
asphyxia hy closing the inlet valve for 30 seconds. One mgm. of adrenergic blocking agent 
per kgm. was administered intravenously. After the blood pressure level stabilized (5-20 
minutes), the scries: epinephrine, ephedrinc, and anoxic anoxia* were repeated. Addi- 
tional doses of blocking agent were administered and the procedure repeated as long as the 
animal had a mean blood pressure above 50 mm. Hg. In the experiments with a-naphthyl- 

' Part of the material in this paper was presented before the meetings of the Federation 
of American Societies for Experimental Biology, Atlantic City, 1946. Sec Federation Pro- 
ceedings 6: 106, 1946. 

*IVe arc grateful to the Sandoz Chemical Works, New York, for generously' supplying 
the ergotamine tartrate, to D. Bovet of the Institut Pasteur, Paris, for the piperidinomethy-l- 
benzodioxan, and to G. Rievcschl, Jr., of Parke, Davis and Company, Detroit, for the 
a-naphlhylmethy'lethyl-P-chlorocthylaminc, Other drugs were purchased on the open 
market. 

* The term “anoxic anoxia” is used to designate hypoxia without accompanying increase 
in carbon dioxide concentration. 
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methylethyl-|3-ohloroethylamine, 2.2 micrograms histamine (base) per kgm. was substituted 
for the ephedrine. A portion of a typical experiment is reproduced in figure 1. 

Results. In general, the results with a given adrenergic blocking agent are 
uniform and indmdual animal variation does not seem to be a factor. Typical 
results are given in table 1. The effects with 5 per cent and 9 per cent oxygen 
are qualitatively the same, the differences being in amount of response, with the 
5 per cent oxygen giving more pronounced changes, and the 9 per cent oxygen 
often giving only slight changes in blood pressure. The most startling result is 
observed with low doses of ergotamine tartrate in which reversal of the anoxic 
anoxia and asphyxia induced rises occurs even though the response to epinephrine 
and ephedrine are both pressor. With the other agents, reversal of the anoxic 
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Fig. 1. Dog (Female; 10 kgm.). 330 mgm. Na barbital per kgm. 1 mgra. atropine sul- 
fate per kgm. Pressure scale in mm. Hg from femoral artery cannula; time scale in min- 
utes. 2.2 micrograma epinephrine hydrochloride per kgm. injected intravenously at E, 
2.2 microgram histamine base per kgm. at H, and connected to 5 per cent oxygen-95 per 
cent nitrogen via tracheal cannula at 5 per cent. Five mgm. a-naphthylmethylethyl-;?- 
chloroethylamine hj’drochloride injected intravenously at SY-14 and 18 minutes of record 
removed until blood pressure levelled off. Clot washed out during other blank space in 
record. 


anoxia induced rise occurs at dose levels which are termed “s 3 Tnpatholytic” 
(4, 6) and block the pressor effects of ephedrine, rather than at dose levels which 
are termed “adrenolytic” and only reverse the action of epinephrine. 

Discussion. That anoxic anoxia (oxygen lack without carbon dioxide in- 
crease) can produce a rise in blood pressure has been knowm for a long time (7) 
and has been the subject of much investigation. It seems generally accepted 
that the rise is primarily due to the activity of the carotid sinus referred to the 
hypothalamic vasomotor centers and mediated through the sympathetic nervous 
system (8). Whether adrenal discharge of sympathin and epinephrine is the 
primary important factor has been the subject of considerable controversy (9)- 
Regardless of the final step, if the blood pressure rise is due to either diffuse 
peripheral sympathetic discharge or massive discharge of epinephrine from the 
adrenal, the adrenergic blocking agents should prevent the rise. Our experiments 



EPINEPHRINE REVEESAE BY OXTTGEN LACK 


223 


indicate that they do prevent this rise, and that after their administration they 
either allow or cause the blood pressure to fall when the blood oxygen level is 
diminished. 

Bulbring, Bum and De Elio (10) have recently demonstrated an increased 
outflow of epinephrine from the denervated adrenal gland perfused udth oxj^gen 
deficient blood. It would be very convenient to postulate that the antagonism 
of the rise produced by anoxic anoxia and its subsequent conversion to a fall 
by adrenergic blocking agents is simply due to the release of epinephrine and a 
typical reversal of the action of epinephrine. The data available do not entirely 
substantiate such conclusions. Our results indicate that doses of ergotamine 
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+ indicates that the stated result occurred at this dose , — indicates that it did not occur, 
and blank indicates that the animals would not tolerate this dose of agent. 

Two animals responded with reversal and two did not; all four showed reversal at 9 
per cent oxygen. 

which do not reverse the action of epinephrine are still able to inhibit the anoxic 
anoxia rise and convert it to a fall. This inhibition of rise is in agreement uith 
the finding of Heymans and Regniers (11) that ergotamine blocks the carotid 
sinus reflexes and of Gellhom (8) that denervation of the carotid sinus leads to 
lowered blootl pressure in anoxic animals. The anomalous response of epineph- 
rine and ephedrine may be similar to the experiments obsen'ed by Rajunond- 
Hamet (12) in which ho found that doses of ergotamine which did not reverse 
the effects of epinephrine did conx’ert the usual rise in pressure following cervi- 
cal sympathetic nciwe stimulation to a fall. 

Tlic other autonomic modifying agents follow a more distinct pattern. Doses 
which are only “adrenolytic” and levcrse the action of epinephrine, but do not 
particularly antagonize ephedrine, do not effectively antagonize the anoxic 
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anoxia rise, while doses which are large enough to be considered “sympatholytic” 
and antagonize the ephedrine rise do convert the anoxic anoxia rise to a fall. 
This is in agreement with the concept of Bacq and Fredericq (13) that many 
sympatholj'tic agents act peripherally, and can, in adequate dosage, block any 
excitatory sympathetic effect, allowing any underlying inhibitory S3mipathetic 
activity to become apparent. It is also in agreement ivith the observations of 
Nickerson and Goodman (14) with dibenzylchloroethylamine. That the fall in 
pressure is not histaminic in character can be demonstrated -with or-naphthyl- 
methylethyl-,8-chloroethylamine. Achenbach (15) has indicated that this agent 
is both antihistaminic and sympatholytic. As showm in figure 1, this drug com- 
pletely antagonizes a small dose of histamine, reverses the effects of epinephrine 
and anoxic anoxia, but since it does not antagonize the ensuing fall from the 
anoxic anoxia, presumably this fall is not histaminic. Since this fall is not antag- 
onized by atropine, it is probably not cholinergic. Consequently, it must be 
due either to the activity of sympathetic inhibitory effectors or act through some 
non-specific effects from the lack of oxygen for the peripheral vascular system. 

SUMMARY 

The rise in blood pressure following the exposure of barbitalized dogs to atmos- 
pheres containing diminished amounts of oxygen can be converted to a fall by 
the administration of ergotamine tartrate, yohimbine hydrochloride, piperidino- 
methylbenzodioxan sulfate, or a-naphthylmethylethyl-;8-chloroethylamine hy- 
drochloride. 
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Since the fundamental study of Barger and Dale (1) of the relationship between 
the chemical constitution and physiological action of the sjunpathomimetic 
amines, numerous investigations have been made of many structurally and phar- 
macolo^cally xelated compounds. Although Barger and Dale demonstrated 
the activity oi some of the simple aliphatic amines, little (2-4) was done 'vnth 
this type of agent tmtil Rohrmann and Shonle (5) prepared a large enough group 
of compounds for ^stematic investigation to be imdertaken. Swanson and 
Chen (6) have extensively bioassayed these agents on pithed dogs, and although 
one of the agents has been introduced clinically (7), very little is known of the 
general pharmacology of the compotinds. 

In this study, the various heptylamines- have been compared with each other. 
By limiting the problem primarily to compounds with a total of seven carbon 
atoms, it is possible to determine the relationship between spatial configuration 
and pharmacological actmty, without having to consider differences in molecular 
weight. 

Blood pbessube effects. 1. Methods. Crude preliminary' experiments on barbita- 
lized dogs indicated that repeated injections of 2-heptylamine give diminished effects as do 
amphetamine (3) and ephcdrine (8) and that cross tachj’phylaxis between the compounds 
under investigation can occur. In order to avoid the possible error that tachyphylaxis 
can introduce, the following procedures were used: 

Anesthetized dogs. SLxty’-three apparently healthy', adult mongrel dogs (4.5-19 kgm.) 
were used; these were anesthetized with sodium barbital (330 mgm./kgm.) administered 
intraperitoncally 90 minutes prior to use. The animals were either vagotomized or re- 
ceived 1 mgm. atropine sulfate per kgm. intravenously'. Blood pressure was recorded with 
the usual mercury' manometer and soot ky'mograph. The animals were standardized with 
graded doses of epinephrine (1-S micrograms/kgm.) and the test dose of the agent, as a 1 
per cent solution of the sulfate, was injected into the femoral vein. Five dogs were used 
for each compound. Part of a ty'pical experiment is reproduced in fig. 1. 

f/nancstfwtired dogs. Seven adult dogs (13-17 kgm.) were used; these received 1 mgm. 
scopolamine hydrobromide and 1 mgm. morphine sulfate per kgm. intraperitoneally 45 
minutes prior to use. One cc. of 1 per cent procaine hy'drochloride was administered in- 

^ This investigation has been made with the assistance of a grant from the Committee 
on Therapeutic Research, Council on Pharmacy and Chemistry', .American Medical Associa- 
tion. Part of the material in this paper was summarized in Fed. Proc., 6:254, 1946. 

* I am grateful to Dr. K. K. Chen and Mr. H, A. Shonle, Eli Lilly* and Company', Indiana- 
polis, for generously supplying these compounds. The only' missing compiound in the series 
of methyl substituted 2-hexylamincs, 2-methyl-2-hexylammc, was sy'nthcsircd in this labo- 
ratory by a scries of reactions analogous to those used by Zenitz, Macks, and Moore, J. Am. 
Chem. Soc., 70 J 955, 1948, for the preparation of l-phcnyi-2-methyl-2-propylamine. lam 
grateful to D. A. Herring and F. K. Hampton for technical assistance. 
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tradermally over the femoral arterj-. A \ inch, 20 gage hypodermic needle fitted directly 
to a Lambert-Wood (9) strain-gage manometer connected to a GE SCEIDJU recording 
microammeter was used to measure the femoral arterial blood pressure. Bach animal 
received 1, 2, 4, 5, or 6 micrograms epinephrine hydrochloride per kgra. and 10 minutes later 
1 mgm. of one of the amines per kgm. The procedure was repeated every fourth day until 
all the agents had been administered in rotation at least once. Preliminary investigations 
with two dogs indicated that 2-heptylamine could be given in this manner as often as once a 
day with variations in response of only ±6 per cent. 

2. Results. The results of the epinephrine -agent equivalence are summarized 
in table 1 . The quantitative difference between the results for barbitalized dogs 
(6) led to the adoption of the cross-over assay of these agents in unanesthetized 
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Flo. 1. Dog (Female; 10 kgm.). 330 ragra. Na Barbital per kgm.; 1 mgm. atropine sul- 
fate per kgm. Blood pressure in mm. Hg, ordinate; time, 10 minute intervals, abscissa. 
E = epinephrine (base), with dose in micrograms/ kgm.; 462 = 4-methyl-2-hexylamine sul- 
fate, 1 mgm./kgra. 

dogs. Since the results from these animals also differed, the records of the pithed 
dogs were re-measured.’ Immediately the causes of the discrepancy became ap- 
parent. In the pithed dog, 2 micrograms epinephrine per kgm. gives the same 
rise in blood pressure (81.0 ±23 mm. Hg) as 5 micrograms epinephrine per kgm. 
does in the barbitalized dogs (77.7 ±14 mm. Hg). It only requires 5 micrograms 
epinephrine per kgm. in the pithed dog to give the same rise as 12 micrograms/ 
kgm. in the barbitalized dog (123.7 ±28 mm. Hg). However, the actual rise in 
mm. Hg following a 1 mgm. dose of a potent heptylamine, such as 4-inethyl'2- 
he.\-ylamine, is very similar in all three preparations. The procedures differ in 
epinephrine response more than amine pressor response. Also, the relative order 

’ I am grateful to Air. E. E. Swanson and Dr. K. K. Chen, Eli Lilly and Company, In- 
dianapolis, for generously loaning 143 kymograph records for analysis. 
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* From Swanson and Chen (6). 
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TABLE 1 — Continued 


CEEUZCAL KAUr 

TOUtULA 

PBESSOK ACTIVITY 

DURATION 
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JEJUNUM 

1-Epinephrine 
equivalent to one 
xngm. amine 
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C— C 

C C—C—C—C 
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4.5 

8 
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of potency of the compounds, 4-methyI-2-hexylamine most potent, 2-heptyl' 
amine next, 5-methyl-2-hexylamine next and so on, is nearly the same for all 
three procedures. 

Gurd (10) has suggested that the duration of action of a sympathomimetic 
amine is probably just as important, if not more so, than its absolute potency. 
Some attempts wete made to measure the area under the pressor response curve 
which he suggested as a possible method, but were abandoned when it was found 
that many preparations did not return to the pre-injection pressure level during 
the course of an ex-periment. As an approximation, the time that the blood pres- 
sure was elevated over one half the total increase in pressure was used (in fig. 1 
for example, the perpendicular distance A-A is bisected, a line drawn parallel 
to the base line through this center point, and the distance D converted to time) . 
The average “50 per cent duration times” are given in table 1. 
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Isolated tissue segmbsts. 1. Methods. Sections of jejunum from 5 rabbits ivere 
placed in oxygenated TjTode solution at 37-38°C. After some preliminary observations, 
2 mgm. anune sulfate per 50 cc. tissue bath was chosen as a standard concentration (2.5 x lO"* 
Molar in ammonium ion) . After tw’o minutes exposure to the drug, the bath was flushed out 
three to five times. The responsiveness of the segments to 12.5 mierograms epinephrine 
base was used as a control. In a similar manner, virgin albino rat uterine horns in non- 
oxj’genated, glucose-free Tyrode solutions were exposed to 10 mgm. of amine sulfates per 
50 cc. bath. The relative antagonism of this dose to 75 mierograms epinephrine was de- 
termined. Sections of ileum of five guinea pigs were suspended in oxygenated Tyrode solu- 
tion and 5 mierograms histamine base added to the SO cc. bath. Two minutes later 2 mgm. 
amine sulfate were added and the effects noted after an additional two minutes. Four cat 
hearts were prepared for perfusion bj' the Langendorff method and the agents added to the 
perfusion fluid in amounts calculated to give concentrations of 1:10,000-1:50,000. Four 
guinea pig lungs were perfused by the method of Taint er, Pedden, and James (11). Follow- 
ing constriction with 1 mgm. histamine, 1 to 10 mgm. of these amines were administered. 

2. Results. Experiments with these agents on isolated tissues are discoura^g 
since the compounds are not particularly active. The effects on isolated rabbit 
jejunum are summarized in table 1. Lower concentrations seldom had a re- 
producible effect, and higher concentrations usually produced the opposite effect, 
a diminution in tone and amplitude which was not always reversible. Similarly, 
AUes (12) found that these higher concentrations (10~® Molal) of 2-heptylainine 
produced relaxation and diminution of tone of isolated rabbit ileum, and that this 
dose antagonized both 10"® Molal epinephrine and acetylcholine. There is ap- 
parently no obvious correlation between the quantitative contractile effect on 
rabbit gut and that on the vasopressor system. 

Adequate doses of these agents always contracted the rat uterus. The con- 
tractile activity was sufficient to antagonize the relaxant action of the epineph- 
rine. The agents were all approximately of the same order of activity with 
the 1-he.xylamine and 1-heptylamine appearing to be the most potent. Con- 
versely, these agents relax guinea pig ilemn contracted with histamine, although 
again 1-heptylamine was most potent, and the other agents of about half its 
activity, except 3-heptylamine and 4-heptylamine which were virtually inactive. 

The concentrations used for the perfused heart usually produced only decrease 
ui rate, force of contraction, and amount of outflowing perfusate. Occasionally, 
a slight preliminarj’’ increase in rate was observed, but this was usually not re- 
produced by the same concentration of the same amine in the same heart prep- 
aration. The agents did not antagonize the histamine constriction of the per- 
fused guinea pig lung. 

Action in man. A young adult male weighing 79 kgm. received 2 mgm. of 
the sulfate salts of the three most active agents per kgm. two and one-half hours 
after a light morning meal. The agent was taken orally with 200 cc. warm water. 
The systolic and diastolic blood pressure and the pulse rate were recorded every 
15 minutes for 3 hours while the subject remained sitting quietly. Experiments 
w'ere performed once each week. Tlie blood pressure slowly rose from a normal 
of 112/68 (70) to 134/90 (60) in 90 minutes after the ingestion of 4-methyl-2- 
hexylamine, from 110/70 (72) to 126/86 (64) in 90 minutes after 2-heptylamine, 
and from 110/70 (70) to 118/76 (68) in 90 minutes after 5-mcthyl-2-hcxj’lamine. 
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The blood pressure and pulse rate began to return to normal after 150-180 
minutes. Three mgm. doses of these agents per kgm. were not well tolerated 
by the subject who complained of dry mouth, palpitation, head-ache, numbness 
of extremities,' and exaggerated pilomotor response. The blood pressure rose to 
higher levels, but these were irregular, as was the pulse rate. Three-tenths 
mgm. amphetamine sulfate per kgm. produced blood pressure changes similar 
to 2 mgm. 4-methyl-2-hexylamine sulfate, but with the addition of the usual 
central nervous system stimulant effects. 

Discussion. Examination of the structural formulas of these agents (see table 
1) leads to certain comments. 4-Methyl-2-hexylamine and 2-heptylamine can 
be ^vritten with the carbon atoms in such positions that the compounds appear as 
fragments of the amphetamine or phenisopropylamine molecule. With no re- 
stricted rotation about the carbon-carbon bonds in these compounds, these 
compounds undoubtedly do not always possess this structural relationship to the 
amphetamine molecule. However, these are the only two compounds that can, 
under any circumstances, possess this space relationship, and are the only agents 
which have any similar vasopressor activity. 5-Methyl-2-he.'cylamine might be 
likened to an ortho-methylamphetamine, about which little is kno^vn, and 
3-methyl-2-he.xylamine is similar to beta-phenyl-n-propylamine, which is known 
to be less potent than amphetamine (13). One is tempted to conclude that some 
specific size and shape relationships exist for the cardiovascular s 3 Tnpathetic 
effectors; that the surface topology is such that agents that exceed acceptable 
dimensions in certain directions cannot be effective, and that conversely, if the 
shape does not exceed certain minimum specifications little activity will result. 
This is obviously just a restatement of Ehrlich’s “lock and key” and Clark’s 
“active patch” concept of drug action (14). However, 1-hexylamine and 1- 
heptylamine are relatively inactive, although they are the obvious relatives of 
phenethylamine, which is quite active under the conditions of this type of vaso- 
pressor assay (1). The duration relationships do seem to agree noth some simi- 
lar type of concept. The 4-methyl-2-hexylamine and 2-heptylamine have a 
long duration of action similar to that of amphetamine; the 1-hexylamine, 3- 
methyl-l-hexylamine, and 1-heptyIamine have a much shorter duration of action 
which is more characteristic of the phenethylamine type molecule. 

With isolated tissue segments, this specific relationship between chemical 
structure and physiological action disappears, for these agents are very similar 
in action as long as the amino group is not too far from the end of an alkane chain. 
Also, the concentrations needed to show a demonstrable effect are veiy large, 
and it is possible that surface tension and other ionic effects which are not related 
to autonomic effector cells play the predominant role. 

Although some tachyphylaxis occurs ivith these agents, it is presumably not 
of great importance since considerable effect still is found after only short time 
intervals (fig. 1) and virtually no change in response is found after a 24-hour 
rest period. These agents must either be poorly absorbed from the human gas- 
trointestinal tract, or else are subject to considerable destruction during absorp- 
tion. 
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SUMM-IKT 

1. The vasopressor activity of the isomeric heptylarnines hi anesthetized and 
unanesthetized dogs has been determined and compared with epinephrine. The 
compounds range from agents with very short duration of action and almost no 
pressor action to 4-methyl-2-hexylainine which is about 1/200 as active as epi- 
nephrine and has a long duration of action. 

2. The heptjdamines, with the exception of the 4-heptylamine which was in- 
active, produced an increase in tone in the isolated rabbit jejunum with a con- 
centration of 4 mgm. per 100 cc. 

3. In adequate doses, the heptylarnines caused contraction of the rat uterus 
and antagonized the relaxant action of epinephrine. 

4. In the perfused heart, the agents produce a decrease in rate, decrease in 
force of contraction, and decrease in outflow of perfusate. 

5. The heptylarnines do not antagonize histamine constriction in the perfused 
guinea pig lung. 

6. Orally, in man, the heptylarnines have but little pressor action. 
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The pharmacologic function of the lactone structure is of a tvide diversity. 
Early investigators took advantage of its toxic properties in the use of lactones as 
insecticides (1). Lactones have been tried experimentally as anthelmintic 
agents (2). The unsaturated lactone ring of the cardiac glycosides has been 
recognized as an essential moiety for the cardiotonic action of these substances 
(3). The current researches on antibiotics have revealed a widespread occurrence 
of the lactone configuration among antibiotic substances from fungi (4), lichens 
(5), and higher plants (6). Recently, there have appeared reports of the value of 
lactones in the chemotherapy of experimental trypanosomiasis (7, 8), influenza 
virus infection (9), and certain bacterial infections (10). 

Such findings suggest the possibility that these agents and similar substances 
may be of some clinical importance in the future, in which event the need for a 
study of their cardiac toxicity, among other toxic manifestations, is apparent. 
At the same time, however, it is felt that a comparison of the cardioto.xic effects 
of these agents 4vith those of the cardiac glycosides might reveal a potentiality 
for cardiotonic activity among them. This activity, observed more directly 
(i.e., on the hypodynamic heart), will be reported in a subsequent work. 

It is the purpose of this investigation, therefore, to examine the nature of the 
toxic effects on the isolated frog heart of several lactone derivatives, some of 
which have been shown to possess -antibacterial, antiviral, antiprotozoan, and 
other important pharmacologic activity. An attempt will be made to relate 
chemical structure ndth cardiac toxicity. 

In most instances the compounds tested were generously contributed by several 
industrial research institutes and academic laboratories. These sources are in- 
dicated in table I, where all of the agents appear. 

Methods. All of the experiments were carried out on male and female frogs of the 
species Rana pipicns in September, October, and November of 1947. 

The cannula used throughout was of the same type as that described by Krayer (111- 
The fluid in the cannula was continuously replaced at the rate of 2.0 to 2.5 cc. per minute 
by alloa-ing fresh solution to drop into it from a Mariotte bottle. The overflow side-arm 


' The material presented here represents a portion of the data contained in a dissertation 
submitted on May 1, 1948 to the faculty of the Graduate School of Yale University in can- 
didacy for the degree of Doctor of Philosophy. 

* Aided in part by a grant from the James Hudson Brown Memorial Fund of the Yale 
University School of Medicine. 

’ National Institute of Health Research Fellow, 1947-1948. Present address, E. I. du 
Pont de Nemours and Co., Veterinary Chemicals Laboratory, Wilmington, Delaware. 
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of the cannula made it possible to maintain a constant hydrostatic pressure of 10 cm. of 
water on the heart, which was cannulated through the left branch of the aorta and attached 
to alight, well-balanced lever for recording ventricular excursions on a vertical kymograph. 
It should be noted that this pressure on the ventricle does not exceed the systolic pressure 
in the intact frog which has been calculated as 30 to 50 cm. of water (12). The importance 
of a constant initial tension has been emphasized by Wiggers, who has concluded that the 
analysis of changes in depressed hearts (i.e., depressed by certain drugs) is greatly in- 
fluenced bj' the initial tension and by the initial fiber length (13). 

The perfusion fluid was the same as that used by Krayer and had the following composi- 
tion: NaCl, 0.65 per cent; KCl, 0.014 per cent; CaCIj, 0.011 per cent; and NaHCOj, 0.02 
per cent. 

All of the compounds were dissolved in 95 per eent ethyl alcohol to make up stock solu- 
tions varying from 1 per cent to 5 per cent. Appropriate dilutions of these solutions were 
made prior to each experiment and at no time did the alcohol concentration exceed 0.1 per 
cent. Several control experiments served to show that this concentration of alcohol pro- 
duced no detectable toxic changes in the heart during the experimental observation periods. 

The pH of all solutions was adjusted to that of the perfusion fluid, which was maintained 
between pH 7.5 and pH 7.9. This precaution is optional since Clark has shown that a pH as 
alkaline as 8.5 did not injure the isolated frog heart and that a pH as acidic as 6.4 was neces- 
sary before any injurious efliect could be observed (14). 

The experiments were carried out at room temperature which varied between 23°C. and 
25 C. The preparation was surrounded with a suitable cylinder of heavy cellophane to 
protect it from sudden changes in temperature. 

The method employed in these experiments for studying cardiac toxicity consisted of 
perfusing the heart with Ringers solution until the rate and amplitude of contraction be- 
came constant, at which time the chemical agent dissolved in Ringers solution was started 
through the heart and continued to the point of cardiac standstill. The normal isolated 
frog heart perfused in this manner with Ringers solution alone will continue to beat force- 
lully for 24 to 48 hours. 


Results. A tabulation of the time requred for cardiac standstUl at various 
concentrations and a characterization of the toxic effects appears in table I. 

1. Lactone series. The saturated lactones, gamma-valerolactone, butyro- 
lactone, and delta-caprolactone, displayed a comparatively low order of cardiac 
toxicity. At the high concentration of 100 mgm. per cent* these compounds 
caused cardiac standstill in 300 to 525 minutes, while their unsaturated analogs 
induced standstill in 25 to 110 minutes at the same concentration. Another 
fundamental difference between the saturated and unsaturated lactones existed 
in the type of standstill which supervened, for while the unsaturated compounds 
produced standstill in systole (the typical digitalis effect), the saturated deriva- 
tives always stopped the heart in diastole. At the time of diastolic standstill, 
moreover, the auricles continued to beat forcefully for as long as one hour after 
the ventricle had ceased. All three of the saturated compounds occasioned 
similar effects on ventricular rate and amplitude: the rate progressively decreas- 
ing, and the amplitude initially increasing, because of greater relaxation in 
diastole, and then graduallj’’ decreasing until the heart ceased its normal function- 
ing. 

While no attempt was made to study the quantitative aspects of the time- 


of 


* The term mgm. per cent used here and hereafter is meant to impl)’ the concentration 
the chemical agent in milligrams per 100 cc. of perfusion fluid. 



TABLE I 

Toxicity of various lactones and related compounds on Che isolated frog heart 
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2.pcntene-l,4-olido* (Ster- HC - - CH 3 10.00 68 Systolic standstill; gradual 

ling-Winthrop Res. Inst. & ] | 3 2.00 90 decrease in rate 

Calco Div. Am. Cyanamid H»G — CH C=0 3 1.00 215 

Co.) \ / 3 .20 349 

0 3 .10 612 
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• Dclta-1 angcUcalactonc. 
t Dolta-2 anRoWcalactono. 
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concentration relationships of the saturated lactones, it ma}' be obsen’ed from 
table I, nevertheless, that the six-membered heterocyclic structure of the delta- 
caprolactone proved more toxic than the two five-membered gamma-lactones. 

The most cardiotoxic agents in this studj' were found among the unsaturated 
lactones. Three of these were chosen for an investigation of their time-con- 
centration relationships in comparison to those of ouabain and digito.xin. The 
usual hyperbolic function of log. concentration against time was readily converted 
to a straight line function bj* plotting tog. concentration against log. time ffig. 1). 
If non-parallelism is disregarded, it may be observed by extrapolation that the 
3-pentene-l ,4-olide is roughly 10 times more to.xic than its bond isomer, 2- 
pentene-l,4-olide, a conclusion reached by IMendez in an earlier work (15). 
Furthermore, it appears from figure 1 that the dilactone of pulvinic acid is of a 



Flo. 1, COXCENTRATIOX-TIME ReL.ATIOXSHTPS FOR THE CaRDIOTOXIC .AcTIOX OF CerTAIK 
Lactones and Cardiac Glvcosides 

The comparatively sharp and early break in the dilactone curve might possiblj’ be a 
reflection of some characteristic physical propertj-, e.g., the degree of dissociation. 

higher order of toxicity than either of the cardiac glycosides. The digitalis-like 
systolic standstill produced by this compound may be seen in figure 2. 

It seemed important, in the light of the high cardiotoxicity of the dilactone of 
pulvinic acid, to make a precise measurement of its relative toxicity. This was 
accomplished by analyzing statistically the dosage-mortalitj’ data obtained from 
sniall numbers of hearts according to the method of maximum likelihood (1C). 
The end-point in these studies was systolic standstill, but with the time restric- 
tion that the standstill had to occur within 120 minutes to be included in the data. 
Table II summarizes the results. 

The relatively high standard errors, which range from 20 to 30 per cent, may 
be explained on the basis of the small samples of population tested. It should 
be pointed out that these comparisons involve concentrations in micrograms 
per cent; recalculation on a millimolar basis* gives a ratio of 1:2.4 for the dilac- 
tonc. 

• Tbc following molecular weights were used: ouabain «= 554; dilactone of pulvinic acid 
- 290. 
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The clavacin series provided an interesting relation between chemical struc- 
ture and cardiotoxic action. The most toxic agent proved to be clavacin, which 
contains a double bond in the delta-2 position of its lactone ring. The effect of 
5 mgm. per cent was characterized by an initial pronounced increase in ampli- 
tude, usually more than 25 per cent of the normal maximum contraction, which 
persisted for long periods of time (up to 60 minutes) — cf. fig. 3. Thus the toxic 
action of clavacin on the frog heart is preceded by a prolonged positive inotropic 










M1CR0GR^MS% 

PULVINIC ACID 

Fig. 2. The Toxic Action of the Dilactonb op Pulvinic Acid on the Isolated 

Frog Heart 

Time is recorded in 5 second intervals; the number above the time interval line indicates 
heart rate per minute (the initial rate for this particular heart was 44). 


TABLE II 

lielalive cardiotoxicily of ouabain, dtgiloxin, and the dilactone of pulvinic acid 


DRUG 

LD-50 ± s E 

REL. POTENCY 

S. E. 

POTENCY RATIO 

NO. HEARTS 

Ouabain 

T% ! 

37.3 zh 7.2 


1 

17 

Digitoxin 

83.8 ± 15.9 

.445 ± .12 

1:2.3 

21 

Dilactone of pulvinic acid | 

44.5 ± s.ej 

.836 ± .22 

1:1.2 

IS 


effect. Isoclavacin, on the other hand, with its double bond in the delta-1 
position, demonstrated roughly one-tenth the toxicity of clavacin, a situation 
which bears a striking similarity to the cardiotoxic potencies of the angelicalac- 
tones (i.e., the 2- and 3-pentenc-l ,4-olide). The addition of methyl groups to 
isoclavacin, as in dimethylisoclavacin, produced an even greater diminution in 
activity. 

In the unsaturated delta-lactone series (characterized by an increase of one 
carbon atom over the five-membered ring of the unsaturated gamma-lactones), 
the most notable feature has been a general decrease in activity. The most 
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toxic agent in this group was coumalinic acid, a compound related to parasorbic 
acid, and containing a series of conjugated double bonds. Parasorbic acid, how- 
ever, was the only drug of the series to induce an initial increase in the amplitude 
of ventricular contraction before the ultimate systolic standstill. Coumarin, 
on the other hand, while devoid of an appreciable action on the amplitude of 
ventricular contraction, demonstrated a pronounced stimulation of cardiac rate 
at a concentration of 20 mgm. per cent. 

2. Gamma-pyrone series. These compounds differ from the lactones in that 
the carbonyl group has been displaced from an ortho orientation with the oxygen 
bridge to a para orientation with it. The two agents studied, kojic and meconic 
acids, demonstrated an order of cardiac toxicity which was unexpectedly high, 
since the gamma-pyrone structure dees not possess the characteristic chemical 
properties of the lactones. The more potent, meconic acid, which also possesses 
a series of conjugated double bonds, approached the activity of 3-pentene-l , 
4-olide. Koj ic acid , although much less toxic, still caused ultimate systolic stand- 
still. A concentration of 40 mgm. per cent produced an initial increase in ampli- 



V u » 
SHiUtofun&r* 

CUtVACfN 


W 


r I HI 


r 

bJliUJ 


Fio. 3. The Toxic Action or Clavacin on the Isolated Frog Heart 
, The numbers directly below the tracing represent time of day; the numbers above the 
tunc interval line indicate heart rate per minute; time is recorded in 5 second intervals. 


tude and the eventual development of bigeminal rhythm and ventricular pre- 
mature contractions. 

3. F wan series. The furan structure is more of a departure from the lactone 
configuration than the gamma-pyrone structure, because furans do not contain 
a carbonyl group, and retain only the oxygen bridge of the lactones. The three 
derivatives studied, furfural, furfurj'l alcohol, and 5-nitro-2-furfuraldehydeEemi- 
carbazone' (nitrofurazone), displayed a notably low order of cardiac toxicity. 
At a concentration of 0.8 mgm. per cent (the highest used because of solubility 
limits), the highly active antibacterial and antiprotozoan agent, nitrofurazone, 
produced no appreciable changes in ventricular contraction or rate, when per- 
fused through the heart for periods up to five hours. The effects of furfural and 
furfurj’l alcohol were indistinguishable from each other, both compounds causing 
increased diastolic relaxation and ultimate depression of the junctional tissue 
with resultant heart block and diastolic standstill, at concentrations of 10 to 20 
mgm. per cent. 

Discussion. The higher activitj’ of the delta-2 position of unsaturation in 

•This material is marketed by the Eaton Laboratories, Inc., Norwich, N. Y., under 
the trade name Furacin. 
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the angelicalactones is of special interest in relation to the unsettled problem of 
the position of the double bond in such highly active cardiac lactones as digi- 
toxin and ouabain. The d6lta-2 position was originally established as the cor- 
rect one by Jacobs, and later, by Windaus, Tschesche, and others (17). Elder- ^ 
field, however, has recently presented important evidence pointing toward the 
delta-1 configuration (18). 

The data presented here for the angelicalactones and the clavacin series seem 
to indicate the delta-2 position as that producing the higher activitJ^ Still, 
the matter is confused by the outstanding potenc}’' of the dilactone of pulvinic 
acid, composed of two condensed gamma-lactone rings, both of which contain a 
double bond in the delta-1 position. The e.xplanation for this seemingly con- 
fused state of facts may lie in subtle differences in chemical structure and, there- 
fore, in chemical reactivity. The delta-2 angelicalactone (3-pentene-l,4-olide) 
is characterized by a methylene group which is flanked by a vinyl and a car- 
boalkoxy group, imparting a somewhat higher degree of activity than the delta-1 
isomer (19). The vinyl group occupies such a position that the delta-2 angelica- 
lactone might be regarded as the inner ester of an hydroxy-substituted vinyl 
acetate, thus: C-C = CH-COOH. The dilactone of pulvinic acid, on the other 

OH 

hand, might be viewed as having been formed from a substituted butadiene, 
with its system of highly reactive, conjugated double bonds, thus : -C = C-C = C-- 

It seems reasonable to infer, therefore, that while delta-2 unsaturation is most 
favorable for cardiotoxic activity in the simple lactone structure, still the delta-1 
configuration can produce a high order of activity if incorporated in a system of 
conjugated double bonds. 

The high activity inherent in the conjugated double bond system among these 
agents was evidenced further in the effects of coumalinic acid and meconic acid. 

Effects displayed by the clavacin series are complicated by the fact that chemi- 
cal reactivity in this group reflects a summation of gamma-pyrone and lactone 
reactmties. The ten-fold higher cardiotoxicity displayed by clavacin (delta- 
2) over its bond isomer, isoclavacin, is clear indication that the lactone moiety 
has a function in the degree of activity. On the other hand, the relative de- 
crease in activity by methylation of the gamma-pyrone ring (isoclavacin to 
dimethylisoclavacin) certainly points toward a pyrone function in the cardio- 
toxicity. This latter view is borne out bj" the relatively high toxicity of meconic 
acid, which is a true gamma-pyrone, uncomplicated by other ring systems. 

CONCLUSIONS 

1 . Twenty lactone antibiotics and synthetic analogs have been studied for their 
cardiotoxic actions on the isolated frog heart. 

2. The dilactone of pulvinic acid produced systolic standstill in the same order 
of concentration as that necessarj' for the cardiac glycosides, ouabain and digi- 
toxin, to produce the same toxic effect. 
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3. Among the lactones, delta-2 unsaturation appeared more favorable for 
cardiotoxic action than delta -1 unsaturation, except nhen the latter was incor- 
porated in a system of conjugated double bonds. 

4. Allcj’lation and hj'drogenation of the lactones led to a decrease m activit 3 '. 
3. The gamma -pyrone structure, nhen contaimng a sj'stem of conjugated 

double bonds, shon ed an order of activitj' similar to the imsaturated lactones. 

6. The furan structure and the saturated lactone conhguration demonstrated 
a Imv order of cardiotovicitj’ and failed to induce sj'stolic standstill. 

The author wishes to acknowledge his indebtedness to the follon mg for having 
made available manj* of the compounds tested : Dr W. Bergmann, Department of 
Chemistrj', Yale University'; Dr. M. L Tainter, Sterling-Y'mthrop Research 
Institute, Dr AI. L Crosslej', American Cj'-anamid Companj', Calco Division. 
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It has been reported by Page and Taylor (1) and Page (2) that the tetraethyl- 
ammonium ion increases responses of blood pressure to angiotonin (hypertensin) 
and also to various other substances (e g., histamine, barium chloride and mech- 
olyl). The question arose whether this phenomenon is exhibited by excised 
tissue and by any effectors other than those involved in blood pressure responses. 
Therefore, a study was made of the effect of the presence of the tetraethylam- 
momum ion on the responses of isolated intestine to angiotonin, histamine, bar- 
ium chloride and acetylcholine. An abstract of this work has appeared (3). 

Matebi ACS AND METHODS The terminal ileum oT the fasted male guinea pig (w eigliing 
about 300 grams), freshly killed by a blow on the head and exsanguinated by decapitation, 
Mas used After flushing out the lumen nith Tyrode’s solution a segment was suspended, 
M ith both ends open, in oxj genated Tyrode’s solution in a muscle chamber of 6 cc capacity 
Contractions Mere recorded by a constant pressure lever magnifying 9 times The length 
of the muscle Mas 4 0-4 5 cm Mhen loaded and at SS^C Solutions of angiotonin and other 
substances Mere introduced under the surface of the Tyrode’s solution in the chamber Mith 
a syringe Previouslj a volume equal to that of the solution to be introdueed mbs Mith- 
draMn from the muscle chamber After a maximal contraction mbs obtained, the gut Mas 
Mashed Mithout exposure to air Tyrode’s solution, Kept under constant pressure in a 
reservoir, m as alloM ed to floM into the muscle chamber through a side tube near the bottom 
and Mas simultaneously drann off through a second side tube near the top by gentle suc- 
tion into a graduate The Mashing volume Mas 50 cc To avoid temperature changes the 
muscle chamber, the reservoir for the Tyrode’s solution, and the tube leading from the 
reservoir to the muscle chamber Mere all immersed in a constant temperature bath at 38 C 
A rigid time schedule Mas adhered to in each experiment, fixed times being alloMcd for con- 
traction and rest The times varied Mith the substance being investigated 

In determining the effect of the tetraethj lammonium ion on responses to angiotonin and 
the other spasmogenic agents, the tetraethj lammonium Mas introduced into the muscle 
chamber during the rest period and thus nas present Mhen the spasmogenic agents Merc 
given 

Tetracthylammonium bromide m as used in most of the experiments in the folloM mg three 
final dilutions 1*13,000, 1 20,000 and 1 40,000 In some instances the chloride Mas used 
in equivalent concentrations with similar results 

Angiotonin was prepared from heavilj heparinized dog’s plasma An excess of renin' 
M as added to the plasma, and the mixture m as incubated for 6 minutes at 3S'’C It m as im 
roediatelj brought to about pH 5 Mith ION HCl and then heated at 90°C Mith stirring for 
6 minutes The fluid obtained on centrifugation Mas purified by adsorption procedures 
The pH Mas brought to 6 9-7 0 (glass electrode) Mith NaOH and HCl, tribasic calcium plios 
phatc in the amount of 20 mgm per cc was added, the mixture was stirred 8 minutes, and 

‘ I am greatlj indebted to Mr Alfred Barol and Dr F W Bernhart of the Wjeth In- 
stitute of Applied Biochemistrj for supplying the renin used in these experiments 
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the phosphate was removed by centrifugation and discarded. While the tribasic calcium 
phosphate adsorbs and thus removes some of the impurities, it does not adsorb an appreci- 
able amount of angiotonin. Additional purification was accomplished by adsorption of 
the angiotonin on charcoal. The commercial charcoal, Darco, grade S-51, w’ashed with 10 
per cent HCl and then with distilled water and dried, was added to the fluid (40 mgm. per 
1.0 cc.). After stirring for 10 minutes, the mixture was centrifuged and the fluid was dis- 
carded. The angiotonin was eluted from the charcoal by glacial acetic acid. One cc. of 
the acid per 40 mgm. of charcoal was added, the mixture w'as stirred 10 minutes, and the 
acid decanted and saved. The charcoal was washed similarly with 0.75 cc. and then with 
0.5 cc. of acid per 40 mgm. of charcoal. The three acid washings were pooled. The angio- 
tonin, now contained in the glacial acetic acid, was precipitated by the addition of 8 volumes 
of cold absolute diethyl ether. After standing in the refrigerator for 20 minutes and after 
centrifugation, the ether was decanted off and discarded. The precipitate was washed 
again with 3 volumes of cold ether, and was stored in a vacuum desiccator. Shortly before 
using, the material was dissolved in T 3 -rode’s solution. Ordinarilj' the equivalent of a 
few hundredths of a cc. of the fluid resulting after heat coagulation serves to give a good 
response from the ileum. This amount contains about 0.01 unit of angiotonin (unit of 
Braun-Men5ndez,Fasciolo, Leloir and hlunoz (4)). The onlj- appreciable loss of angiotonin 
activit}' in the above preparation occurs in the charcoal procedure where a loss of roughlv" 
40 per cent occurs. 

Results. The tetraethj’lammonium ion itself usuall}'- elicited some response 
(e.g., figure lA). The contraction had usually subsided by the time the spas- 
mogenic agent was given. 

A. Angiotonin. Responses to the angiotonin preparations were consistently 
increased by the presence of tetraethylammonium. This augmentation occurred 
in every test made, in 38 tests on 19 different muscles. Figure lA shows one of 
these tests. A constant amount of angiotonin was given every 6 minutes at “A”. 
The muscle was washed 3 minutes later. At the points marked “TEA”, one 
minute after washing, tetraethylammonium in a final dilution of 1 : 20,000 was 
given and was present in the bath when the angiotonin was given 2 minutes later. 
The two responses in the presence of tetraethylammonium are greater than those 
irithout this substance. 

In about a third of the experiments atropine sulphate in a concentration of 
1.0 microgram per 1.0 cc. was incorporated in the TjTode’s solution. Again re- 
sponses to angiotonin were consistently augmented by tetraethylammonium. 

The three concentrations of tetraethylammonium gave similar results quali- 
tatively, but the augmentation tended to be greater with higher concentration. 

Since angiotonin is not available in pure state, the possibility existed that the 
increased responses obser\-ed with tetraethylammonium might result from in- 
creased sensitivity to impurities contained in the preparation of angiotonin rather 
than to angiotonin itself. However, studies invohdng dummy or control prep- 
arations of angiotonin revealed that theacti^^ty due to impurities was bj^ com- 
parison extremely small. The control preparations were made from plasma and 
purified by adsorption by the same procedure used in the preparation of angio- 
tonin except that heat inactivated renin was used. Hence no appreciable amount 
of angiotonin was present. Seven experiments were performed with these con- 
trol preparations. Atropine sulphate, 1.0 microgram per cc., was incorporated 
in the Tyrode’.s solution. The dose.s of control preparations eliciting minimal 
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responses were determined. These threshold doses were 80 to 100 times greater 
than the amounts of angiotonin solution required to give responses of the usual 
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Fig. 1. The time interval on the bottom line is 1 minute. TFA = tctraethylammonium 
bromide in a final dilution in the muscle chamber of 1:20,000. A =‘ 0.01 unit angiotonin. 
H := histamine diphos;)hate in a final concentration of 1:12 million in the muscle chamber. 
Ba = barium chlotidc in a final concentration of 1:10,000. Ach =* Acetylcholine chloride 
in a final concentration of 1:50 million. 


magnitude. It seems extremely unlikely that the augmentation by tetraethyl- 
amraonium of responses from these angiotonin preparations could result from 
impurities which were present in amounts of about of their threshold dose. 
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B. Histamine. In 21 tests on 10 muscles reactions to histamine diphosphate 
were uniformly increased by the tetraethylammonium ion (figure IB). In 
general, the greater the concentration of tetraethylammonium, the more marked 
was the augmentation. No atropine was used in the Tyrode’s solution in these 
experiments or with the remaining spasmogenic agents to be discussed. 

C. Barium chloride. Tetraethylammonium usually depressed responses elic- 
ited by the barium ion. The tracing in figure 1C shows such a depression in re- 
sponses to barium chloride in a final concentration of 1:10,000 in the muscle 
chamber. Depression occurred in 13 tests on 4 muscles. In only 1 muscle, in 
which 2 tests were made, did the tetraethylammonium ion increase the responses. 

D. Acetylcholine. Responses to acetylcholine were usually depressed by tetra- 
ethylammonium. Acetylcholine chloride in a final dilution of 1:50 million was 
used in the test shown in figure ID. Depression occurred in 19 tests on 10 
muscles. In 10 tests on 3 muscles responses were augmented by the tetraethyl- 
ammonium ion. Sometimes, i.e. in 8 tests involving both of the previously 
mentioned groups of muscles, no significant effect could be made out. 

Discussion. The effects of the tetraethylammonion ion on isolated intestine 
may be compared with those reported for blood pressure in the dog (1,2). They 
may be construed as being analogous in the case of angiotonin and histamine and 
as usually opposite with barium and with acetylcholine. Tetraethylammonium 
increases both the spasmogenic intestinal action of angiotonin and its pressor 
effect in the dog. The contraction of the gut by histamine is intensified, and its 
action in lowering blood pressure is reported as usually being increased. How- 
ever, the tetraethylammonium ion usually depresses responses to barium by the 
intestine but usually increases the responses to barium of the dog’s blood pressure. 
The action of acetylcholine on the gut is usually decreased, while the effect of 
mecholyl on blood pressure is reported as usually augmented. 

The concentrations of tetraethylammonium used in the case of the ileum 
approximate those employed in the studies involving blood pressure (2). In the 
latter instance, 100 mgm. of the chloride were given intravenously to dogs weigh- 
ing about 10 kgm. Assuming distribution in extracellular fluid and an extra- 
cellular fluid volume of 3000 cc., the concentration of tetraethylammonium chlo- 
ride is 1:30,000. The concentrations of the bromide used in the present study, 
when expressed on the basis of equivalent concentrations of the chloride, are 
roughly 1:16,500, 1:25,000 and 1:51,000. 

These studies on the ileum may have a bearing on the interpretation of the 
data presented by Page and his collaborators (1, 2, 5). In describing the aug- 
mentation of responses in blood pressure by tetraethylammonium, they have 
pointed out that destruction of the spinal cord, anterior rhizotomy, and ganglio- 
nectomy with subdiaphragmatic vagotomy likewise may increase blood pressure 
responses to angiotonin and other substances. Since there is evidence that the 
tetraethylammonium ion blockades autonomic ganglia (6), it might be inferred 
that the augmenting effect of tetraethylammonium on responses in blood pressure 
is dependent on the interruption of the autonomic outflow from the central nerv- 
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ous system. This inference is invalid in the case of isolated intestine where 
the autonomic outflow has already been interrupted. 

SUMMARY 

The tetraethylammonium ion is capable of causing contraction of the isolated 
terminal ileum of the guinea pig. 

The presence of this ion increases responses of the isolated ileum to angiotonin 
and histamine, and usually depresses those to barium chloride and acetylcholine. 

Acknowledgment. The author is indebted to Betty Jayne Miller Angstadt, 
Shirley Friday and Marjoiy Gelpke White for their valuable technical assistance. 
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The nitrogen mustards have assumed an important role in investigations of 
tumor chemotherapy as well as in the various fields of fundamental biological 
research. A toxicity survey has been reported by Goldin, et al. (1) and the sys- 
temic pathology ofa series of nitrogenmustardshasbeen studied by Landing, et al. 
(2). During the course of these investigations, it was found that administration 
of two of the nitrogen mustards, namely, beta-chloroethyl-morpholine and beta- 
chloroethyl-dimethylamine induced pronounced changes in normal mice result- 
ing in a behavior pattern similar to that exhibited by genetic Waltzer and Shaker 
strains. The injected animals exhibited hyperactivity, choreic head movements, 
retropulsion and had a tendency to run in circles. These effects were not pro- 
duced by beta-hydroxyethyl-morpholine or by morpholine (3, 4). The current 
investigation was conducted to determine what compounds and chemical group- 
ings among the nitrogen mustards are responsible for this effect and to obtain 
further information on the pharmacological action and histopathology resulting 
from the administration of these compounds. 

Material and methods Albino mice, Carworth Farms CFl males, ranging in weight 
from 18-25 grams, two to three months of age, were used routinely in this study In addi- 
tion, CFl females and C3H strain males and females were injected 

The compounds routinob' were administered intrapentoncallj in 0 9 per cent saline 
Insoluble compounds were suspended in 10 per cent acacia All solutions of chemical 
agents were prepared freshly prior to injection In each instance, the total volume of agent 
plus diluent injected represented 1 per cent of the body w eight of the animal In an initial 
test for each compound, mice received a single injection of the agent at 5 geometrically 
spaced concentration levels ranging from 1 to 625 mgra /kgm Nontoxic compounds (those 


' This work was conducted in part bj a grant from the American Cancer Society to the 
Department of Prcxcntivc Medicine, The Johns Hopkins Universitj- School of Medicine 
recommended bj- the Committee on Growth of the National Research Council These 
studies form part of a joint project on the chemotherapy of cancer being conducted at The 
Johns Hopkins Unixcrsitj School of Medicine, Department of Prexentixe Medicine and 
the Medical Dixision, Armx Chemical Center, Marjland Compounds were obtained from 
B Witten and A Reexes, Technical Command, Armx Chemical Center, Marjland and 
the Unixersitj of Chicago Toxicitx I»aboratorx 
* Captain, M S C , U S Armx 
> Captain, M C . A U S 
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producing no deaths up to 625 mgm./kgm.) were administered at higher concentration levels. 
In a second test phase, groups of mice were given a single injection at 5-6 geometrically 
spaced dosage levels, chosen in a narrower range, in the area of the median lethal dose 
(LDio) as estimated from the initial test. Saline- or vehicle-injected mice served as con- ' 
trols for each experiment. All surviving mice were observed for a minimum period of ten 
days for acute and chronic effects of the compounds. An approximation of the LDs« was 
obtained by plotting the data on log-probability paper. 

When the dosage levels used resulted only in 100 per cent and 0 per cent mortalities, sup- 
plementary experiments, at more closely spaced dosage increments, were conducted until 
intermediate percentage levels of death were obtained. This was done in order to insure 
observation of behavior pattern in survivors at a number of dosage levels at which toxic 
effects of the compound were manifested. 

Criteria used as indicative of positive waltzing effect, referred to henceforth as the 
“waltzing syndrome”, included hyperactivity, retropulsion, choreic head movement, 
running in circles, incoordination, poor balance, poor righting reflex and uncoordinated 
swimming pattern. These criteria are essentially the same as those described by Grtine- 
berg (5) for genetic Waltzer and Shaker mice. 

The central nervous systems of treated and control mice were fixed by removing the 
calvarium, and placing the base of the skull, with the brain in situ and the spinal column 
attached, in 10 per cent formalin. The brain and cord were dissected free after fixation, 
embedded in paraffin, and sectioned at 5 microns. For study of the inner ears, intact skulls 
were fixed in hjTjeracidified Zenker’s solution. Additional decalcification, if necessary 
after fixation, was done in formic acid' solution. Embedding was carried out as above. 
Hematoxylin and eosin, cresyl violet, and pyridine-silver staining procedures were used. 

Experimental. 1 . The compounds listed in table I elicited the waltzing 
syndrome in mice. 

All of these compounds have the following nucleus: 

=C 

\ 

N— CH2CH2CI 

/ 

sC 

From the table it is apparent that the waltzing syndrome appeared at con- 
centrationsin the areaof the median lethal dose. Thesymptoms appeared 'within 
sbe to twelve hours after injection and seemed to be fully developed by twenty - 
four hours. The induced effects were apparently permanent in nature. This is 
indicated by the fact that some of the treated mice, kept for as long as six months, 
showed no diminution of the waltzing pattern. Within the dosage range in 
which waltzing was produced there was a lessened intensity of effect as the con- 
centration level was diminished. 

The swim test appeared to be the most sensitive test for determining the waltz- 
ing effect and was particularly valuable where the behavior pattern appeared 
questionable. Incoordination in swimming, inability to remain above the sur- 
face of the water, s-wimming in a spiral pattern and s's\'imming in circles were 
quite obvious in mice which otherwise exhibited the effect in only mild form. 
Normal mice swim in a well coordinated manner, usually in a straight line. 

The inability of treated mice to maintain their balance when placed on a narrow 
horizontal bridge appeared to be the next most sensitive criterion. Normal 
mice maintain balance 'with no difficulty. 

All of the compounds listed in table I appeared to produce the same type of 
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TABLE I 

Bela-chloroelhylamines which induced the waltzing syndrome 


CEzmuL yswc 


Dimethyl-P-chloro- 

cthylamine-HCl 


Dicthyl-^-chloro- 

cthylamine-HCI 


CH, 


\ 


/ 

CHjCH- 

Dipropyl-^-chloro- | CHjCH-CH, 
ethylamine-HC! , \ 


CH, 

CHaCH. 


N— CHiCHaClHCl 


\ 


N— CH-CH.CIHCI 


Mothyl-ethyl-S- 

chloroethylamine 

•HCl 


Metliyl-n-propyl-;3- 

chlorocthvlamine 

•HCl 


Elhyl-n-propyl-^- 

chloroetbylaminc 

•HCl 


^•chloroetliyl-pi- 

pcridine^HCl 


3-cliIorocthyl-mor- • 
pholincHCl j 


N— CHjCH-ClHCl 

/ 

b^aCHiCH. 

CHa 

\ 

N— CH.CH.CIHCI 

/ 

CHaCH. 


CHa 


\ 


CHaCHjCH. 

CHaCH. 


/ 


N— CHaCH.ClHCT 


\ 


CHaCH.CHi 


/ 


N— CHaCH-ClHCl 


^N^CH.CH.CIHCI 


N;— CH.CH.CIHCI 


o 


LDi, 


mM/ksct. 

1.950 


0.414 


0.351 


1.300 


0.639 


0.374 


0.505 


0.865 


DOSAGE auKCE 
PIODCCmC 
TTAl-TZIKG 


nlltlsn. 

1.350-2.340 


0.30S-0.726 


0.320-0.465 


1.050-1.870 


0.540-0,965 


0.374-0.534 


0.3S0-0.505 


0.270-1. OSO 
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behavior pattern, and differed only in the range of concentration which produced 
the effect. The effectiveness of the compounds was not limited to Carworth 
Farms male mice, for comparable results were obtained with Carworth Farms 
females and C3H strain males and females. 

The cumulative effect of seven of these compounds was tested by administer- 
ing, intraperitoneally, daily doses at various fractions of the median lethal dose. 
Four mice were injected at each dosage level. The results are summarized in 
table II. The waltzer-producing compounds were apparently only mildly 
cumulative in their effects. 


TABLE II 


The effect of repeated adminietration of waltzer -inducing compounds 


COICPOOND 

DOSAOCIEVZX ; 

%of 

LD(b 

mncBCs or 

iNjxcnojJs 

WAlTZmC 

SYNDXOUE 


tnif/kgtn. 



- 

Diethyl-/3-chloroethylamine ■ HCl 

0.207 

50.0 

7 

- 

Dipropyl-S-chloroethylamine ■ HCI 

0.090 

25.6 

7 

- 

Methyl-ethyl-S-chloroethylamine • HCl 

0.360 

27.7 

7 

- 

Methyl -n-propyl-S-chloroethylsmine 

0.320 

50.0 

7 1 

— 

•HCI 





Ethyl -propyl-S-chloroethylamine • HCI 

0.0S6 

1 

22.9 

7 


S-chloroethyl-piperidine • HCl 

0.253 

50.1 

5 

-f 

1 

0.127 

25.1 

7 

1 

^-chloroethyl -morpholine HCl 

0.254 

29.4 

1 



0.128 

14.8 

10 

-4- 


0.072 

8.4 

20 



0.051 

5.9 

20 



2. The beta-chloroethylamine structure is characteristic of the nitrogen mus- 
tard compounds and forms an ethylenimonium cation in polar solvents. The 
high reactivity of this ring structure (6, 7, 8, 9) presumably is responsible for the 
characteristic biological actions of this group of compounds. In order to obtain 
evidence as to whether the =N-beta-chloroethyI structure is requisite for the 
production of the waltzing syndrome, a series of compounds was tested in which 
a hydroxyl group was substituted for the beta chlorine of compounds which 
produce waltzing. The hydroxyl group was chosen since the beta-hydroxy 
compound represents the terminal stage in the hydrolysis of the beta-chloro 
amines, and itself does not undergo cyclization (10). The results are summarized 
in table III, A. Failure of these hydroxy compounds to produce waltzing in- 
dicates an importance of the =N-beta-chloroethyl structure or the imonium 
moiety to the production of the waltzing syndrome. 
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3. To determine the effect of the completeness of alkylation of the mono-beta- 
chloroethylamine on the production of the waltzing syndrome, the primary 
amine, beta-chloroethylamine, and a series of mono-alkyl-beta-chloroethyl- 
amines were tested. The results are summarized in table III, B. None of these 
compounds produced the waltzing s 3 Tidrome. 

There is, thus, a qualitative difference in the behavior of mice after administra- 
tion of primary and secondaiy halogenated amines as compared with tertiary 
beta-chloroethylamines. The specific waltzer-inducing action of beta-chloro- 
ethylamines is dependent not only on the presence of the beta-chloroethylamine 
structure and on the presence of aUcyl substituents, but also on the number of 
alkyl groups attached to the nitrogen atom. 

4. To test whether, in the dialkyl-beta-chloroethylamines, the dialkyl struc- 
ture, per se, without regard to the nature of the substituents on the alkyl carbons, 
is a sufficient condition for the production of the waltzing syndrome, substituent 
groups were introduced into the dialkyl radicals, replacing hydrogen. As can 
be seen from table III, C, the substitution of two phenyl groups, two para- 
chlorophenyl groups, or two paramethoxyphenyl groups in dimethyl-beta-chloro- 
ethylamine is sufficient to change the specificity of biological action of the com- 
pounds so that no waltzing appears. 

5. Since formation of the cyclic oninm cation is presumably characteristic of 
beta-halogenated alkylamines, the ability of dimethyl-beta-bromoethylamine, 
the bromo analogue of the waltzer producing compound dimethyl-beta-chloro- 
ethylamine, was tested for its ability to produce waltzing. Another beta-bromo 
compound, phenyl-beta-bromoethylamine, was likewise tested. Reference to 
table III, D, shows that neither of these compounds produced the waltzing 
syndrome. Dimethyl-beta-bromocthylamine is considerably more toxic than 
dimethyl-beta-chloroethylamine. 

6. As shown in an earlier section, the substitution of beta-hydroxyl for beta- 
chlorine in dimethyl-beta-chloroethylamine removed the ability of the eompound 
to produce waltzing. It is of interest to note (table III, E), that despite the 
presence of the dimethyl group and the Beta-chlorine, the waltzing effect is not 
elicited when a phenyl group is substituted for one of the beta hydrogens in the 
chlorinated chain of dimethyl-beta-chloroethylamine. The resulting compound 
dimethyl-beta-phenyl-beta-chloroethylamine is more toxic than dimethyl-beta 
chlorocthylamine. Dialkyl-gamma-chloro-n-propylamines have not been tested . 
However, diethyl-gamma-trichloro-n-propylamine and diethyl-epsilon-trichloro- 
I>entylamine do not produce the waltzing effect. 

7. None of a series of bis(beta-chloroethyl) amines described by Goldin, et al. 
and Landing, et al. (1, 2) produced the waltzing syndrome. Neither did tris 
(beta-chloroothyl) amine, nor did the various tetralds-beta-chloroethylamines 
produce the waltzing syndrome. In general, these compounds are considerably 
more toxic than the waltzer producing compounds (1, 2). In this connection it 
is of interest to note that Anslow, et al. (11) report^ that rats exposed to HNl 
and HN2 vapor, and to intravenous administration of these agents occasionally 
c.xhibitcd neurologic injury on the third or fourth day after treatment. The 
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sjTDptoms included increased irritability, abnormal posture and movement, 
“progressing in the severe cases to apparently severe involvement of the vestib- 
ular and cochlear mechanisms. Usually death rapidly followed the onset of 
these extreme effects, but among survivors with less severe injury hyperirrita- 
bility, persisting for weeks, remained the only sign of injuiy.” Thus, there is 
apparently some similarity of effect of the bis, tris, and tetrakis compounds to 
the waltzing effect. However, our observation has been that the mono-beta- 
^ chloroethylamines were the only mustards in which the effects persisted indefi- 
nitely. 

Of particular interest is the compound ethyl-beta-chloroethyl-gamma-chloro- 
n-propylamine listed in table III, F. This compound bears a structural re- 
semblance to both the mono-beta-chloroethylamines and the bis-(beta-chloro- 
ethyl) amines. Mice injected with this compound at concentrations in the area 
of the LDm showed all of the symptoms of the waltzing ssmdrome twelve hours 
after injection. However, the effects wore off in survivors after ninety-six hours. 
The compound is more than tivice as toxic as ethyl-n-propyl-beta-chloroethyl- 
amine. 

Two additional compounds of this type, listed in table III, F, namely,'* N,N'- 
(beta-chloroethyl)-l ,4-piperazine dihydrochloride, andN,N -ethyl-N,N'-(beta- 
chloroethyl) ethylenediamine dihydrochloride are like'irise of interest. The 
compounds structurally resemble the bis (beta-chloroethyl) amines in that they 
each have two beta-chloroethyl groups. However, the beta-chloroethyl groups 
are on separate nitrogen atoms so that the compounds also have a structural 
similarity to the waltzer-producing compounds. Neither of these compounds 
produced the waltzing syndrome, though some hyperactivity appeared in non- 
survivors of mice injected with N ,N'-(beta-chloroethyl)-l ,4-piperazine dihydro- 
chloride. The order of magnitude of the toxicity of the two compounds indi- 
cates resemblance to the bis(beta-chloroethyl)amines. 

8. Philips and Gilman (10) have shoivn that quaternary compounds containing 
N-beta-chloroethyl groups are relatively non -toxic and have little effect on the 
hematopoietic system. The compounds they cite are bis-(beta-chloroethyl) 
compounds. That a quaternary compound similar in structure to the effective 
dimethyl-beta-chloroethylamine does not produce the waltzing effect is shorni in 
table III, G. Also included in the table is choline chloride which has a negative 
waltzing effect. 

9. The occurrence of central nervous system lesions after exposure of mice to 
the various agents studied is indicated in table IV.“ Also tested were two ar- 
senicals, one of which arsacetin 

O OH 

CHsC— NHC >As >0-5H.0 

\ 

ONa 

* These compounds were obtained from Merck & Co., Inc., Rahway, N. J. 

* The authors wish to thank Dr. Stanley II. Durlacher for consultation in examination 
of the sections. 
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TABLE III 


Compounds which do not produce the waltzing syndrome 


CHUOCAL N'AUE 


FOIUCULA 


LDt9 


A. Substitution of hydroxyl for /3-chlorine 




wlf/Axm. 

Dimethyl-P-hydroxy- 

CH, 

\ 

X— CHjCHjOH 

/ 

CH, 

2.620 

ethylamine 


Dicthyl-3-hydroxy- 

CH,CH, 

1.640 

ethylamine 

\ 

N— CHjCHiOH 
/ 

CH,CH, 


0-hydroxyethyl-piperi- 

(T“ 

2.720 

dine-HCl 


/3-hydroxyethyl-mor- 

AVCH,CH,OH-HCl 

23.600 

pholine-HCl 

1 

NO/ 



B. Primary and secondary amines 


P-chloroethylamincHCI 

H 

\ 

N— CH;CH,CIHC1 

/ 

H 

19.000 

Mcthyi-^-chloroeth 3 'I- 

nminc^HCI 

H 

\ 

N— CH.CH.CIHCI 

/ 

CH, 

17.700 

Ethyl-0-chlorocthyI- 

aminc-HCl 

H 

\ 

N— CH,CH,C1-HC1 
/ 

CHiCHj 

7.790 

Propyl-;)-chlorocthyl- 

aminc-HCl 

H 

\ 

K— CH,CH,C1-HCI 

/ 

CH.CHiCH, 

2.550 


1 
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TABLE III — Continued 


cnzaacAX. kaue j 

rOUHTLA 

LD» 

C. Substituents 

on the alkyl carbons of dimethyl-beta-chloroethylamine 

Dibenzyl -/3-chloroethyl- 
aminc-HCl 

^ ScH. 

\==/ \ 

N— CHjCHjCl-HCl 

^ Vh 

0.503 

Di(p-chIorobenzyl)-^- 
chloroethylamine • HCI 

Cl/ %CH, 

N— CH.CH.Cl-HCl 

Cl^ ^CH,^ 

oa. 1.640 

Di (p-methoxy-benzyl) - 
(3'ChloroethyIamine 
•HCI 

1 

1 

1 

CH,o/ ^CHj 

N— CHsCHtCLHCl 

CH,0^ ^CH, 

1 

ca.l.7S0 

D. Substitution of beta-bromine for beta-chlorine 

Dimethyl-^-bromoethyl - 1 
amine*HBr i 

CH, 

\ 

N— CH,CH,BrHBr 

/ 

CH. 

1 0.210 

Phenyl-^-bromoethyl- 

amine*HBr 

H 

\ 

N— CH.CH.Br-HBr 

\ / 

1.210 


£. Other dialkyl amines 


Dimethyl-p-phenj’l-^- 

chloroethylamine-HCl 

CH, H 

\ i 

N— CH,— -C— Cl ■ HCI 
, CH."^ 

0.091 

i 

LJ 
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TABLE III — Coniinved 


Diethj'l-Tr-trichloro-n- 
propylaminc • HCl 


E. Other dialkyl amines 


N— CH.CH. C— Cl HCl 


mll/igrt. 

0.667 


Diethyl-<-trichloro- 
pentylam'ne -HCl 


N— CH,CH,CH,CH,— C— Cl-HCl 

/ I 

C,H, Cl 


F. Other related beta-chloroethylamines 


* Ethyl-^-chloroothyl-y- 

CH,CH, 

0.112 

chloro-n-propyl- 

\ 


aminc-HCl 

N— CH.CH,C1-HC1 
/ 

C1CH,CH,CH, 


• N-N'-(fl-chlorocthyI)- 

N— CH,CH,C1 

0.021 

1 ,4-pipcrazino-2HCl 

/ \ 

■2HCI 

\ / 

N— CHjCH.Cl 


N-N’-cthyl-N , N'-(^- 

C,H,— N— CH.CH.Cl 

0.010 

chlorocthyl)-ethyl- 

1 


cncdiaminc*2HCl 

CH, 

1 •2HCI 

CH. 

1 

C,H,— N— CH.CHtCI 



G. Quaternary ammonium compound? 


p-chlorocthyl-lrimcthyl- 

CII, 

0.410 

ammonium chloride 

\+ 

CH.— N— CH,CH,C1 Cl- 

/ 

CH. 

1 


Choline chloride 

CH. 

\+ 

CH.— N— CH.CHsOH Cl" 

/ 

CH. 

2.630 


• Produced transjcnl walttinp. 








258 


GOLDIN, NOE, LANDING, SHAPIRO, AND GOLDBERG 


was reported by Ehrlich (5) and Morgan (12) to produce waltzing after ad- 
ministration to mice. All four mustards marked as producin9 lesions gave cere- 
bellar damage, and three of the four produced brainstem lesions, most marked 
in the medulla. No central nervous system lesions could be detected, by the 
techniques employed, in animals treated with arsacetin. Inner ear or auditory 
nerve damage was not observed at any time after treatment with any of these 
compounds, by the methods used. 


TABLE IV 

The occurrence of central nervous system lesions after exposure of mice to waltzer-inducing and 

related compounds 


CEClaCAL KAUE 

Dimethyl-/3-chloroethj'Iainine-HCl 
DimethyI-;3-hydroxy-ethyIamine ■ HCl 
Diethyl -^-chloroethylamineHCI 
Diethyl-/3-hydroxy-ethyIamine'HCl 
Ethyl -^-chloroethylamine • HCl 
Methyl-ethyl -^-chloroethylamine -HCl 
n-Propyl-/3-chloro-ethylamine-HCl 
/3-chloroethyl -morpholine • HCl 

* 

^-hydro-vyethyl-morpholine-HCl 

Arsacetin 

Atoxyl 


LDio 

DOSE 

WALTZINO 

SYUPIOMS 

liSlOSS 

mif/kgm. 

1.950 

mil/igm, 

2.090 

+ 

■f 

2.620 

0.400 

- 

- 

0.414 

0.726 

+ 

-f- 

1.640 

1.070 

- 

- 

7.790 

7.640 

- 

- 

1.300 

2.490 

-t- 

++ 

2.550 

0.796 

- 

1 

0.865 

l.OSO 

-1-' 

' ++ 


0.810 

-f 



0.540 


+4- 

23.600 

1 

14.900 

1 

- 

- 

ca 5.390 

6.740 


- 


3.370 

+ 

— 

1.000 

3.780 

— 

- 


2.830 

- 

— 


Cerebellar lesions. During the first twenty-four hours after the injection of a 
waltzer-inducing mustard, eosinophilia and shrinkage of occasional Purkinje 
cells were seen. No necrosis of these cells was found, nor was reactive gliosis in 
the Purkinje cell layer noted. This change appeared to represent a nonspecific 
to.xic effect of these compounds, and, because of its transience and lack of se- 
quelae, appeared to play no role in the causation of the permanent neurologic 
symptoms described above. 

From two to five days after injection of these compounds, pyknosis and frag- 
mentation of the cells of the granular layer of the lingula of the anterior lobe of 
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the cerebellum were found. This lesion varied in severity with the different 
effective compounds, being more marked after beta-chloroethylmorpholine and 
methyl-ethyl-beta-chloroethylamine than after the other two. ■ The lesion also 
varied somewhat in extent, since minor degrees of this process could be seen in 
the folia of the anterior lobe adjoining the lingula after administration of beta- 
chloroethylmorpholine. Reactive gliosis was negligible in these lesions and, in 
animals killed more than ten days after exposure, the presence of any abnormality 
was difficult to detect, presumably because of condensation of the stroma of the 
granular layer to produce a cell density approximating the normal. 

Brain stem lesions. With three of the foiu- effective mustards studied (beta- 
chloroethyl-morpholine, diethyl-beta-chloroethylamine, and dimethyl-beta-chlo- 
roethylamine), in animals killed later than three days after injection, scattered 
small areas of gliosis were found in the brain stem, medulla, and upper cord. 
These were most numerous after the dimethyl-beta-chloroethylamine, and in one 
animal treated with this agent, serial sections of the brain stem, medulla, and 
cord showed approximately thirty of these lesions, involving the restiform body, 
the vestibular nuclei, and the tectospinal, descending spino-cerebellar, and lateral 
pyramidal tracts. These lesions differ from those produced in the brains of 
rabbits by intravenous methyl-bis (beta-chloroethyl) amine (13), being smaller, 
more sharply localized, and less acute in appearance. 

Discussion. The characteristic properties of the nitrogen mustards, includ- 
ing their high reacthitynith cellular constituents, are traceable to the formation 
in polar solvents of the highly reactive ethylenimonium ion. The schema of 
hydrolysis has been described by Bergmann, et al. (7, 8, 9), Gilman and Philips 
(G) and Philips and Gilman (10). 

There is some indication that the action of the bis compounds includes biolog- 
ical action which could elicit the waltzing syndrome, but that this action is 
masked by other toxic characteristics of the compoimds, which result in death at 
concentrations required for the production of the waltzing effect. This is sup- 
ported by the following observations: (a) The bis-beta-chloro compounds, as 
indicated above, are of a higher order of toxicity than the mono-beta-chloro com- 
pounds. (b) Mice which receive supra-lethal doses of the bis compounds ex- 
hibit hyperactivity and neurological behaidor resembling in some degree the 
waltzing syndrome. Since these mice die one cannot test to what extent this 
portion of their behavior might have persisted, had the mice lived, (c) Median 
lethal dose survivors of bis compounds may e.xhibit some hj'peractivity during 
initial stages after administration of the agents. In our experience this hj'per- 
activity docs not persist. However, Anslow ct al. (11) have found instances in 
which such hj’peractivitj' did persist, after e.xposure of rats to vapors of HNl and 
HN2 and after intravenous administration of these agents, (d) Dimethj'l-beta- 
l)romocthj'lamine, though chemicallj' similar to the beta-chloroethj'lamines in 
that it prcsumablj" is subject to imonium ion formation docs not produce the 
waltzing sj’ndromc. Its toxicity is of a considcrablj' higher order than that of its 
corresponding chlorinated compound, dimcthj'l-beta-chloro-cthjdaminc, though 
not a.s toxic as t j’pical his compounds. The higher toxicity maj' mask the waltz- 
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ing effect by not permitting survival at higher doses of the compound, (e) 
The compounds N,N'-(beta-chloroethyl)-l, 4-piperazine dihydrochloride and 
ethyl-beta-chloroethyl-gamma-chloro-propylamine produced transient h3T3er- 
activity and waltzing. The compounds have structural similarity to both the 
mono and bis compounds, and both are more toxic than the mono compounds. 
Again, had there been survivors at higher doses, the waltzing effect might have 
been elicited. 

None of these arguments are more than suggestive and certainly not conclusive. 
The possibility cannot be ruled out that the mono-beta-chloro compounds are 
entirely qualitatively different, biologically, from the bis-beta-chloro compounds, 
though the data do not seem to support this hypothesis. 

Apparently only chlorinated amines in a fairly circumscribed range of struc- ' 
ture are capable of eliciting the waltzing syndrome. The beta-chloroethylamine 
structure is common to them all, and is apparently one of the prerequisites for the 
production of the effect. A dialkyl structure or heterocyclic ring, as in beta- 
chloroethyl-piperidine, is apparently also necessary. 

Ehrlich (cited by Griineberg (5)) and Morgan (12) used arsacetin and described 
an effect in mice similar to that which we have obtained with the waltzer pro- 
ducing mustards. We have verified their observations. However, in Car- 
worth mice we did not get the extent of waltzing nor did the effect appear with as 
eijual regularity as it does with the waltzer producing mustards. Atoxyl pro- 



duced hyperactivity but no waltzing. There does not appear to be any correla- 
tion in structure between these arsenicals and the mustards. 

The question arises as to whether the behavior pattern of the mice which were 
injected with the various compounds which produced waltzing was similar for 
eveiy compound, in every respect. We were not able to observe any gross 
differences in the behavior of the waltzing mice for the various compounds. 
That behavior differences in detail may exist can be ruled out only after e.x- 
tensive behavior studies. 

Either of the lesions formed in waltzer-induced mice, namely, cerebellar or 
axial, seems adequate to account for the symptoms displayed by mice treated 
■with adequate doses of these agents. The lingula of the anterior lobe of the 
cerebellum is, at least in higher mammals, the recipient of impulses from the 
lateral vestibular nuclei, carried by the juxtarestiform body of the inferior cere- 
bellar peduncle, and shares in the vermis’ functions of coordination of the axial 
musculature ■with optic and ■visual stimuli, and of control of bilateral synergic 
motions. 

Scattered lesions of the medulla and upper cord lead, by disturbance of the 
functions of the tracts mentioned above, among others, to tremor, incoordina- 
tion, weakness and/or spasticitj' of muscles, and to sensory disturbances (cf. 
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for example the symptoms of multiple sclerosis). As mentioned above, either 
of these processes can probably account for the neurologic manifestations de- 
scribed above, and the exact roles played by the two in the production of these 
disturbances cannot be decided from the pathologic data obtained to date. 

SUMMARY 

1. A series of nitrogen mustard analogues were studied and the essential 
structural groupings necessary to produce the neurological syndrome of waltzing 
in mice were identified. 

2. The compounds which produced the waltzing B 3 mdrome were dialkyl and 
heterocyclic-beta-chloroethylamines. 

3. No waltzing was elicited when the following structural modifications were 
made: 

a) Substitution of a hydroxyl group for the beta chlorine. 

b) Substitution of a beta-phenyl group for one of the beta hydrogens in the 
chlorinated chain. 

c) Substitution of bromine for the beta chlorine. 

d) Introduction of phenyl groups into the dialkyl carbons. 

4. Primary and secondary beta-chloroethylamines; related quaternary com- 
pounds; and bis, tris, and tetrakis beta-chloroethylamines did not elicit the 
effect. 

5. Two compounds similar in structure to both the mono-beta-chloroethyl 
anunes and bis(beta-chloroethyl)amines produced transient waltzing. 

6. Cerebellar and ardal lesions formd in induced waltzers could account for 
the beha\nor pattern of the mice. 

7. The chemical relationships of these compounds and their mechanism of 
action are discussed. 
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2,3 Dithiopropanol (BAL) is one of a large number of chemically closely re- 
lated bodies developed by Peters, Stocken and Thompson (1) in an attempt to 
find a substance which would so influence tissues as to modify the toxic action 
of gaseous substances containing aresenic. The efficacy of certain of the di- 
thiols in this connection represents one of the major contributions of medical 
research during the recent war. Following this discovery numerous investiga- 
tions have been undertaken of this action within various tissues susceptible to 
the toxic action of the salts of the heavy metals, the rate and form of excretion 
by the kidney of such salts and finally, the clinical application of such informa- 
tion in the treatment of poisoning by such bodies.- 

The present investigation was undertaken as a result of the observations made 
by Gilman, et al. (2) and by Longcope and Leutscher (3) on the treatment in 
animals and in man of acute mercury poisoning by the use of BAL. The acute 
injury to the kidney by bichloride of mercury is very largely confined to the 
epithelium of the pro.ximal convolution of the renal nephron. Other segments 
of this structure are implicated in the toxic effect to a far less e.xtent and fur- 
thermore damage to them occurs late. The specialized vascular structures of 
the kidney, the glomeruli, are spared until still later in the renal injury (4). 
A very similar statement may be made for the nephrotoxic action of uranium 
nitrate (5, 6). In this intoxication the distal convolution of the renal nephron 
shows evidence of a delayed implication in the injury and although the glomeruli 
may appear histologically preserved during the acute phase of the intoxication 
other than an acute engorgement of the capillary tufts, the fact that an injury 
to these structures has been effected is shorvn by the inauguration of processes of 
repair of a chronic obliterative order (7, 8). The similarity in the dominant 
locus of toxic action of both bichloride of mercury and uranium nitrate in the 
kidney and the fact of the ability of a dithiol to prevent or to relieve such an 
injury from mercury has resulted in the present study of the efficacy of such a 
chemical body in preventing or in modifying the nephroto.xic action of uranium 
nitrate. 

‘This investigation was supported (in part) by a research grant from the Division of Re- 
search Grants and Fellowships of the National Institute of Health, U. S. Public Health 
Service. 

' 2,3 Dithiopropanol (BAL), 10 per cent, benzyl benzoate 20 per cent in peanut oil. 

* As a result of the theoretical and applied significance of these contributions The Jour- 
nal of Pharmacology and Experimental Therapeutics, Vol. 87, no. 4, August, 1946, and 
The Journal Of Clinical Investigation, Vol. 25, no. 4, July, 1946, are largely devoted to 
presenting this literature to date. 
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In the investigation which is to follow, the dog was chosen for study on ac- 
count of the years of experience with this animal under the influence of various 
amounts of uranium nitrate both during the period of acute renal injury and that 
of renal repair which finally lead to the development of a characteristic type of 
chronic nephropathy. The functional expression of such periods of injury' are 
mvariably of the same order though vaiying in their quantitative expression. 
They afford a functional constant depending upon the amount of the nephrotoxic 
agent employed and the age of the animal in which the reaction occurs (9). 

Two tj'pes of control experiments have been necessary' in this investigation. 
First, the use of a series of animals to demonstrate whether or not 15 mgm. of 
BAL per kgm. would in itself induce a renal injury' as has recentlj' been shown 
to develop in the liver from the use of 30 mgm. of dithiol in the normal dog (10) 
and, second, the demonstration by the use of 4 mgm. of uranium nitrate per kgm. 
in another series of control experiments that this substance rvould induce in a 
six-day period allocated for obser\'ation a renal injury' dependably constant in 
its intensity as shown by both functional and anatomical studies. Both of these 
control groups of dogs as well as those used in the experiments proper were fed 
on Purina Dog Chow and table scraps. No restriction was placed on the water 
intake. 

Control experiments with 2,3 dithiopropanol. Four adult dogs were 
used in this group of ex'periments. The animals were given intramuscularly at 
twelve-hour inlen'als for four day's 15 mgm. of the dithiol per kgm. Renal 
fimctional studies were made on the second and fourth day' of this period and 
following the final observ’ation biopsy material was obtained from the left kidney 
for histological study. The findings in E.xperimcnt 4 made at the termination 
of the dithiol injections are characteristic for the group. The urine both before 
and after the dithiol was free from albumin, glucose and diacetic acid. An oc- 
casional cylindroid was found in the urine. The carbon dioxide plasma tension 
was 48.3,’ the elimination of phcnolsulphonephthalein in a one-hour period was 
64 per cent while the whole blood gave the following values in mgm. per 100 cc.: 
urea nitrogen 8, non-protein nitrogen 24.6 and creatinine 1.51. The histological 
study of biopsy material from the kidney gave no evidence of definite structural 
change. The glomenili were normal in appearance without active engorgement 
of the capillaries, the cells of the tubular portion of the nephron were normal in 
their staining reactions and failed to show any' pathological response such as 
albuminous degeneration or vacuolation which would lead to an increase in cell 
volume. There was no intertubular edema or proliferation of connective tissue 
ccll.s. The conclusion is justified that the use of 15 mgm. per kgm. of BAL at 
twelve-hour intcn'als over a period of four days fails to induce a renal injury' in 
the normal dog (fig. 1 ). 

Controi. experiments AMTii UR-ANiUM NITRATE. Four normal dogs were 
u'-ed in this scries of experiments. The animats were given one subcutaneous 
injection of 4 mgm. of ur.iniiim nitrate per kgm. Studies of the blood and urine 

* C arboa ilioxitin pla,,nia 1011*51011 is exprossod as mm Hr 
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in mgm. per 100 cc.: urea nitrogen 7.4, non-protein nitrogen 26.7 and creatinine 
1.21. On the sixth day of the uranium nitrate into.xication the carbon dioxide 
plasma tension had decreased to 30.1. The output of phenolsulphonephthalein 
■was 5 per cent. The urine contained a heavi"^ precipitate of albumin with 
numerous finely and coarsely granular casts. Urea nitrogen had increased to a 
retention value of 23.8 mgm., non-protein nitrogen to 82.4 mgro. and creatinine 
to 3.2 mgm. per 100 cc. of blood. The histological studi' of renal tissue obtained • 
on this sixth day of the intoxication showed the glomerular capillaries to be 
engorged •with blood, distending the capsule and increasing the volume of the 
glomerular bodies. There was no subcapsular glomerular hemorrhage or the 
appearance of thrombi in the glomerular capillaries. Not infrequently a small 
amount of poorly stained granular detritus could be demonstrated between the 
capillary tufts and Bowman’s capsule. The tubular portion of the nephron 
showed the characteristic election of the epithelium of the proximal segment of 
the nephron for the dominant action of uranium. These cells were acutely 
swollen, usually from an accumulation of granular material of assumed protein 
derivation and more rarelj' by the appearance of a vacuolar type of degeneration. 
Complete necrosis of such cells was rarely' obsen'ed. The nuclei in general 
stained well and were not fragmented. The epithelium of the distal convoluted 
segment of the tubule has shown evidence of injury' of the same pathological 
order but to a far less extent than that which occurs in the proximal convoluted 
segment. The cells of the descending and ascending limb of Henle’s loop are 
spared in the uranium intoxication. The conclusion is permissible that uranium 
nitrate when given subcutaneously in the amount of 4 mgm. per kgm. induces by 
the sixth day of the intoxication an injury' to the kidney which in terms of actual 
degeneration is largely localized in the cells of the proximal convoluted segment 
of the renal nephron. Associated with this dominant injury', with less evidence 
of injury' to other portions of the epithelial structure of the nephron and with an 
acute engorgement of the glomerular vessels, the animals developed a marked 
albuminuria with casts, a glycosuria and an associated appearance of diacetic 
acid in the urine. There occurs a decrease in carbon dio.xide plasma tension, a 
rapid reduction in the elimination of phenolsulphonephthalein and a retention 
of urea nitrogen, non-protein nitrogen and creatinine (fig. 2). 

The preventive and remedial influence of 2 ,3 dithiopropanol in acute 
ur-wicm nitrate intoxic.ations. Fifteen dogs have been into.xicated by' one 
subcutaneous injection of 4 mgm. of uranium nitrate per kgm. Depending upon 
the time at which these animals were given a dithiol in relationship to the com- 
mencement of the uranium intoxication they' may be divided into three groups.'' 

The animals of group I. Five animals of this group were given intramuscularly' 
15 mgm. of B.4.L per kgm. at twelve-hour inteiwals for two days prior to the use 
of the umnium salt. They' sen'e as a group to demonstrate any' prophylactic 
value the dithiol might have in terms of its ability to modify or prevent the de- 
velopment of a renal injury from uranium. At the expiration of this period al- 
located for the use of the dithiol the dogs were given one subcutaneous injection 

* t'r.mium nitrate was given immediately following the last dose of dithiopropanol. 
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of 4 mgm. of uranium nitrate per kgm. The course of Experiment 3, Group I, 
is characteristic for the group as a whole. A preliminary period of study showed 
the animal to be normal as indicated by the findings in the blood and urine. 









Fig. 2. JIicrophotogr.^ph. Zeiss X 235, Hematoxylin and Eosin 

The figure is from biopsj' material of the kidney of the animal of Exp. 2 in that group of 
control animals which were given one subcutaneous injection of 4 ragm of uranium ni- 
trate per kgm. No dithiol was used in this series of control experiments. The biopsy was 
made on the sixth day of the uranium nitrate intoxication. The figure shows the charac- 
teristic and dominant location in the action of uranium to take place in the proximal con- 
voluted segment of the renal nephron. The epithelium in this location is edematous, the 
cells in general closing the tubular lumen. In certain of the tubules^ these changes have ad- 
vanced to a state of epithelial necrosis with a loss of cell nuclei or a failure of those remaining 
to stain. The two glomeruli appearing in the figure are engorged with blood and in the 
smaller of these structures a subcapsular exudate has partially compressed the glomerular 
tufts. An intertubular exudate is to be observed in the areas adjacent to the glomeruli. 

On the terminal day of the use of the dithiol no significant change from the 
normal had occurred in the blood and urine. The urine did not contain albumin, 
glucose or diacetic acid. The carbon dioxide plasma tension was 48.9. There 
was an elimination of 63 per cent of phenolsulphonephthalein in an hour period. 
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The -whole blood gave the follo'\\’ing values in mgm. per 100 cc.: urea nitrogen 
12.2, non-protein nitrogen 30.1 and creatinine 1.71. On the third day following 
the commencement of the .uranium nitrate intoxication the urine contained a 
heavy precipitate of albumin and both glucose and diacetic acid. Numerous 
finely and coarsety granular casts and occasional fatty casts were present. The 
carbon dioxide plasma tension was reduced to 35.2. There was only an output 
of 12 per cent of phenolsulphonephthalein. Blood urea nitrogen was increased 
to 72.4 mgm., non-protein nitrogen to 133.2 mgm. and creatinine to 3.7 mgm. per 
100 cc. of blood. On the si.xth day of the intoxication other than the reduction 
in volume output no significant change had developed in the urine. There was 
no elimination of phenolsulphonephthalein. Carbon dioxide plasma tension 
was further reduced to 23.8. Blood urea nitrogen had increased to 105.5 mgm., 
non-protein nitrogen to 187.5 mgm. and creatinine to 6.28 mgm. per 100 cc. of 
blood. The animal gave clinical evidence of a profound state of intoxication. 
The experiment was terminated. The histological studj’- of the kidnej’’ showed 
the usual predominant injurj' to the epithelium of the renal nephron with the 
most advanced changes in this tissue localized in the proximal convoluted seg- 
ment. Here the cells in many instances were completely necrotic with a dis- 
appearance of nuclear material. In other tubules the most marked change was 
that of a severe edema, partiallj' or completely closing the tubular lumen. In 
such cells the nuclei were small but not fragmented, stained intenselj’’ and were 
usually found near the basement membrane of the tubule. There was no inter- 
tubular e.xudate. The glomeruli were engorged with blood, usually obliterating 
the subcapsular space or in instances in which such a change had not occurred 
there was to be found in this space a zone of amorphous, granular material. In 
no instance were the glomeruli in a state of compression from such an accumula- 
tion (fig. 3). From the above account of the course of events developing in the 
animals of Group I that first received BAL before the commencement of the 
uranium intoxication the deduction is made that the dithiol in the amount ad- 
ministered to the animals not only had no effect in preventing the uranium ni- 
trate intoxication but that it increased the severity of the uranium injurj' as 
indicated by both the changes in the blood and urine and by the extent and se- 
verity of the pathological reaction on the part of the kidney. A similar observa- 
tion has recently been made for the liver following the use of 30 mgm. of dithiol 
per kgm. (11). 

The ariittials of group II. The five animals of this group, after a period al- 
located for normal observations, were given one subcutaneous injection of 4 
mgm. of uranium nitrate per kgm. Immcdiatel}’ following such an administra- 
tion, the dogs were given intramuscularly 15 mgm. per kgm. of BAL and these 
injections were repeated at twelve-hour inter\’als for two days. The animal of 
Experiment 2 has shown a response which is characteristic for the members of 
the group. The dog had a normal urine. The elimination of phenolsulphone- 
phthalein in an hour period was 68 per cent. The plasma c.arbon dioxide ten- 
sion was 44.7. T he blood showed a urea nitrogen of 13.5, non-protein nitrogen 
29.4 and creatinine 1.32 mgm. per 100 cc. On the third day of the uranium ni- 
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trate intoxication during the first forty-eight hours of which the dithiol had been 
given at twelve-hour intervals the urine contained a large amount of albumin, 
numerous coarsely granular casts, glucose and diacetic acid. The plasma carbon 
dioxide tension had been reduced to 30.5. There was no measureable elimina- 







Fig. 3. Microphotograph. Zeiss X 235, Hematoxylin and Eosin. 

The figure is from the kidney of the animal of Exp 3, Group I, of those animals which were 
first given at twelve-hour intervals for two days 15 mgm. of BAL and then intoxicated by 
one injection of 4 mgm. of uranium nitrate per kgm. The figure shows in general a complete 
necrosis of the epithelium of the proximal convoluted tubules This terminal change in 
other tubules of this segment of the nephron is preceded by a marked edema of the cells and 
by either the disappearance or imperfect staining of the nuclei. _ Two glomeruli are shown 
in the figure. The larger of the two is engorged with blood which increases its size The 
smaller of the two structures is in the early stages of capillary compression by an exudate. 
The use of a dithiol prior to an intoxication by uranium intensifies the nephrotoxic action 
of this substance. 


tion of phenolsulphonephthalein. Urea nitrogen had increased to 26.9, non- 
protein nitrogen to 47.2 and creatinine to 2.42 mgm. per 100 cc. of blood. On the 
sixth day of the intoxication the plasma carbon dioxide tension had been further 
reduced to 25.0. There was no elimination of phenolsulphonephthalein. Urea 
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nitrogen had increased to 77.8, non-protein nitrogen to 133.4 and creatinine to 
5.8 mgm. per 100 cc. of blood. The experiment was terminated. The kidney 
showed a pathological response of the same type but of a move severe order than 
that of the animals in Group I that received the dithiol prior to the uranium 
intoxication but not following its development as was the case with the group of 
animals under consideration, Group II. The necrosis of the epithelium of the 
proximal convoluted segment of the nephron is uniform and complete and in 
other epithelial segments there is marked evidence of injurj'. It would appear 
from a stud 3 " of the kidnej’- from both of these groups of animals. Groups I and 
II, that the use of a dithiol not onlj' leads to an intensification of the uranium 
action at its point of election, the proximal segment of the renal nephron, but 
that it enables this action of epithelial degeneration to extend to other segments 
of the nephron which in the absence of a dithiol influence are either not affected 
or injured to a verj' slight extent. The glomeruli are histologicallj’' preserved. 
The glomerular capillaries are engorged with blood and show a nuclear increase. 
Amorphous material is rarely seen in the subcapsular space. There is no inter- 
tubular exudate (fig. 4). 

A studj’ of both the functional and anatomical changes developing as a result 
of the renal injurj’ in the animals of Group II, permit the conclusion that the use 
of a dithiol at the time of the establishment of a uranium intoxication and con- 
tinued into this period for forty-eight hours had not onlj’ no influence in protect- 
ing the kidnej' against the toxic action of this substance but that its use causes 
both an intensification of and an epithelial extension in the toxic action of 
uranium. 

The animals of group III. The five dogs of this group, following the period 
allowed for normal observations, were given 15 mgm. per kgm. of BAL intra- 
nmscularlj' for two daj-s at twelve-hour interr'als, then given one subcutaneous 
injection of 4 mgm. of uranium nitrate per kgm. to be followed bj’ a continuation 
of the dithiol injections for a second two-daj' period. The animal of Experiment 
2 shows a response both functionallj- and anatomicallj' which is characteristic 
for the group. The urine of the animal was normal. The elimination of phenol- 
Eulphonephthalein was 51.8 per cent in an hour period. The plasma carbon 
dioxide tension was 48.7. The blood urea nitrogen was 13.6, non-protein nitro- 
gen 17.3 and creatinine 1.32 mgm. per 100 cc. At the end of the second daj' of 
the dithiol injections there was no change of significance in the blood or urine. 
The urine showed a trace of albumin with an occasional hj-aline cast. There was 
no detectable change in the plasma binding power for carbon dioxide. The elimi- 
nation of phcnolsulphonephthalein was not reduced below its normal percentage 
of elimination. There was no nitrogen or creatinine retention. On the third 
day of the ox'periment following the commencement of the intoxication bj' 
uranium nitrate, during two daj's of which period the dithiol had been continued, 
the plasma combining power for carbon dioxide was reduced to 30.2. The 
elimination of phcnolsulphonephthalein was reduced to an undeterminable 
trace. The blood showed an increase in urea nitrogen to C7.G, non-protein nitro- 
gen to 100.0 and creatinine to 4.81 mgm. per 100 cc. The urine contnincrl a 
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heavy precipitate of albumin and very numerous coarsety granular and fattj'' 
casts. On the si.xth day of the e,\periment the plasma carbon dio.xide tension 
Tvas 20.1. The animal was comatose with an air-hunger tj'pe of breathing. 



Fig. 4. MiCHOPHOTOORArii. Zeiss X 235, Hematoxvlin and Eosin 

The figure is from the kidney of the animal of E\p. 2, Group II, of those animals which 
were first given 4 mgm. of uranium nitrate per kgm to be immediately followed by the use of 
15 mgra. of the dithiol at twelve-hour intervals for two days The figure shows the same 
order and intensity of injury to the kidney as has been described for the kidnev of the animal 
of Exp. 2, Group I, in which group the dithiol was given before the commencement of the 
‘ ■ The figure from the kidne3- of the animal under discussion (Exp. 2, 

' I complete necrosis of the epithelium of the proximal convoluted 

.. pear in a state of acute edema not infrequentlj' of a vacuolar tj'pe. 
Two glomeruli are shown which varj- in size and degree of engorgement. In both structures 
there is a commencing subcapsular exudate The use of a dithiol at the time of the com- 
mencement of and during the course of a uranium intoxication intensifies the nephrotoxic 
action of uranium 


No urine tvas available for the determination of phenolsulphonephthalein. The 
retention of urea nitrogen had increased to 81.6, non-protein nitrogen to 200+ 
and creatinine to 6.84 mgm. per 100 cc. of blood. The animal died three hours 
after these determinations were made and tvas at once autopsierl. Hi.stoloiricallv 
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the kidneys showed the same order of selective epithelial injury which has been 
described for all of the animals in the experiments that received uranium nitrate. 
In the animals of this group, Group III, as was the case with those comprising 
Groups I and II that were also subjected to the action of a dithiol in addition to 
the uranium effect, the selective action of the uranium in the proximal convo- 
luted tubules is more severe and is associated with an extension of the epithelial 
injury to other segments of the nephron. In addition to these changes in the 
epithelium there develops in the kidneys of the animals of Group III a super- 
imposed vascular injury’’. This is shown in the glomeruli bj’’ a great increase in 
the size of certain of these structures due to an engorgement and over-distention 
of the capillaries with blood. In such structures a variable amount of granular 
material collects between Bowman’s membrane and the capillary tufts. In 
other glomeruli, and this is the characteristic change, the tufts of capillaries may 
have entirely disappeared, the space surrounded by the capsule being filled with 
blood in various stages of disintegration. Numerous glomeruli show the capil- 
lary tufts at different stages of their compression by a coagulated exudate usually 
containing both preserved and fragmented nuclei. In addition to the vascular 
glomerular injuiy, the intertubular vessels are greatly distended nith blood, 
which increase has ruptured the vessels appearing free in the kidney substance. 

From the dataacquired by the study of theanimals of Group III, the conclusion 
is permissible that the use of 15 mgm. BAL per kgm. when given intramus- 
cularly for t\vo days at twelve-hour intervals both before and following the in- 
toxication of the animals by one subcutaneous injection of 4 mgm. of uranium 
nitrate per kgm. not only fails to afford any protection against the renal injuiy 
from uranium but that it intensifies the action of this nephrotoxic substance. 
Such a renal injury is not only shown by the most severe and e.xtensive tubular 
epithelial degenerative effect that occurs in the three groups of experimental 
annuals but in addition the vascular tissue of the kidney becomes implicated in 
the process of degeneration. 

Discussion. The intracellular mechanism involved in the toxic action of 
uranium nitrate is not known. With certain limitations as to the amount of 
this substance which is employed to induce such a toxic expression the injury to 
the kidney is very largely confined to the epithelial tissue of the nephron and, 
like the reaction of the kidney to bichloride of mercur>', to the proximal con- 
voluted segment of the nephron. The accepted theoiy employed to e.xplain the 
striking ability of a dithiol both to prevent and ameliorate such tissue degenera- 
tion from bichloride of mercury as well as from arsenic and salts of other of the 
hca\y metals is that such bodies exert their toxic influence by inhibiting the 
effective action of certain intracellular enzyme systems so that intracellular 
respiration is either so modified or arrested that processes of cell degeneration 
supervene (12, 13, 14). Such an action is hj"pothccated to be brought about by 
the salt of the hcaxy metal combining with sulfliydril groups of intracellular 
cnzjTncs. Tlic use of a dithiol in such a circumstance, by furnishing free sulf- 
hydril radicals would enable the salt to become bound, prevent its continued 
action within the cell and facilitate its elimination by the kidnej'. In addition. 
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evidence is available to suggest that the use of a dithiol with its available sulf- 
hydril groups may enable such a body to compete effectively with intracellular 
enzymes for their bound toxic agents of this chemical order. Accepting the 
validity of this explanation it would appear that uranium in the form of the 
nitrate either fails to induce its nephrotoxic action by binding sulfhydril groups 
essential for cellular respiration or that such a union is of such a loose nature 
that these atom groups are released during the elimination of uranium by the 
kidney permitting it to e.xercise its to.xic action by a mechanism which at present 
is unknown (15, 16). 


CONCLUSIONS 

1. 2,3 Dithiopropanol in the amount used in these experiments (15 mgm. per 
kgm.) is nontoxic for the kidney in the sense that its use leads to no histologically 
demonstrable cell changes. 

2. Uranium nitrate when given subcutaneously in the amount of 4 mgm. per 
kgm. induces a constant type of acute renal injury which is largely confined to 
the proximal convoluted segment of the renal nephron. The intensity of this 
action is to an extent determined by the age of the animal. 

3. The use of 15 mgm. of 2,3 dithiopropanol given at twelve-hour intervals 
prior to the use of uranium nitrate has no effect as a prophylactic agent in pre- 
venting the renal injury from uranium. The severity of the injury is increased 
as is shown by the changes in the kidney and by the functional expression of 
these changes. Gilman and his associates (17) have made a rather similar ob- 
servation in their studies of the influence of dithiols in cadmium poisoning, to 
the effect that it “enhances the toxicity of the metal for the kidney.” 

4. When an acute renal injury has been estabhshed by the use of one sub- 
cutaneous administration of 4 mgm. uranium nitrate per kgm., the subsequent 
employment of 15 mgm. per kgm. of 2,3 dithiopropanol at twelve-hour inter- 
vals for two days has no effect in decreasing the severity of the renal injury. 
The renal damage becomes intensified and renal function shows a correlation 
with these changes. 

5. Finally, when 15 mgm. of 2,3 dithiopropanol are given to an animal at 
twelve-hour intervals for two days, then intoxicated with 4 mgm. of uranium 
nitrate and followed by a continuation of the dithiol at twelve-hour intervals for 
a second period of two days the to»c action of uranium manifests its greatest 
degree of renal toxic action. This action is sho;vn by a more diffuse implication 
of the various segments of the renal nephron in the injury and by the ability of 
the uranium either acting as such or in conjunction udth the dithiol to injure 
severely the vascular tissue of the kidney both in the glomeruli and in the inter- 
tubular vessels of the kidney. 

G. The use of 2,3 dithiopropanol in a uranium nitrate into.xication even though 
it fails to show when used alone (see control experiments) either structural or 
functional renal changes, appears to so influence the epithelial tissue of the kidney 
as a sensitizing agent for uranium that the nephrotoxic action of this substance 
becomes more severe at its point of selective action in the proximal convoluted 
tubule and furthermore spreads to other segments of the r^nn] nnnhron. 
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The effect of cardiac glycosides on oxygen utilization by the heart has attracted 
considerable attention for a number of years. In 1912, Rohde and Ogawa (1) 
found that a perfusion fluid containing 0.06 mgm. of strophanthin per 100 cc. of 
Ringer’s solution increased oxygen consumption of isolated cat heart by about 
20 per cent. Gottschalk (2) pointed out that this increase may have been due in 
part to the increase in heart rate which accompanied the addition of strophanthin. 
Employing the isolated frog ventricle, Gottschalk found that a concentration of 
1 : 1,000,000, or less, of strophanthin caused negligible decreases in oxygen uptake, 
whereas concentrations ranging from 1:500,000 to 1:125,000 depressed oxygen 
consumption to values as low as 31 per cent of normal. Eismayer and Quincke 
(3) using the isolated frog ventricle found that strophanthin in a concentration 
of 1 : 10,000,000 increased oxygen consumption about 30 to 50 per cent, whereas 
concentrations of 1:333,000 to 1:72,000 decreased it about 30 per cent. In 
addition to this they found that the work done by the heart was decreased 
negligibly at the low concentrations of strophanthin, but markedly at the higher 
concentrations. David (4), using the frog’s auricle, obtained essentially similar 
results, i.e., strophanthin in low concentrations caused a slight initial increase in 
o.xygen uptake followed by a decrease which was accompanied by a decrease in 
amplitude and frequency of contraction. Higher concentrations produced a fall 
only in oxygen utilization accompanied by marked decreases in amplitude of 
contraction and frequency of the auricle. Victor (5) observed that ouabain 
increased the oxygen uptake of frog cardiac ventricular muscle in isotonic 
glucose. A concentration of 1 : 100,000 increased it an average of 13 per cent, 
1:33,000 increased it 51 per cent, and a concentration of 1: 10,000 an average of 
76 per cent. The increase in oxygen uptake in Ringer’s solution (0.65 per cent 
NaCl, 0.0075 per cent KCl, 0.01 per cent CaCU and no buffer or substrate) was 
approximately 100 per cent when ouabain was present in a concentration of 
1 : 33,000. Salomon and Riesser (6) reported that digitoxin in a concentration of 
1 : 100,000 had no effect on the oxygen uptake of the isolated frog heart or minced 
frog, mouse or rabbit heart. Strophanthin in several concentrations was also 
reported to be without effect. Genuit and Haarmann (7) employed a brei pre- 
pared by cutting the cardiac tissue of rats or guinea pigs very finely with scissors. 
A concentration of strophanthin ranging from 1:3,000,000 to 1: 100,000 exerted 
a slight but not clearly demonstrable accelerating effect on oxygen uptake of 
the tissue. 

' This investigation was supported b 3 - a research grant from the United States Public 
Health Service. 
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It may be seen that up imtil about 1946 practically all experiments were con- 
ducted with either isolated whole heart, ventricle, auricle or ^vith minced heart 
muscle. With regard to the isolated heart preparation, the possibility existed 
that the increased oxygen consumption in the presence of cardiac glycosides was 
due to an increase in the work of the heart. On the other hand, experiments with 
minced tissue showed Uttle or no effect of the glycosides on the oxygen uptake. 
In this connection, the possibility arises that intact tissue is necessary for the 
demonstration of the accelerating effect of the glycosides. 

In 1946, Ldvy and her collaborators (8-12) published an extensive series of 
studies in which they observed the effect of several cardiac glycosides on mam- 
malian heart slices. In general, they found that slices in the presence of dilute 
concentrations of glycosides showed an increased oxygen utilization, as compared 
with controls, during the first hour of respiration. However, during the second 
hour there was a smaller increase or even a decrease. In the presence of higher 
concentrations of glycosides there was a decrease in the oxygen uptake. Using a 
slightly different technique, in which ouabain was introduced during the course 
of the experiment, Wollenberger (13) obtained essentially similar results on 
guinea pig heart slices. 

In conjunction with other studies in this laboratory (14, 15) on the action of 
scilliroside, it became of interest to study the effect of this glycoside on respiration 
of cardiac tissue." The present paper is concerned with a study of the influence 
of the cardiac glycosides on the oxygen uptake of cat heart slices. The effect of 
varying concentrations of scilliroside and of glucose in the medium have been 
investigated. Because the results obtained have differed from those of lAvy and 
her collaborators (8-12) and of Wollenberger (13) with other glycosides, our 
studies have been extended to ouabain and digito.xin as well. Since it had been 
shown previously by Loewi (16), by Clark (17) and by others, that the action of 
the digitalis glycosides on the contraction of cardiac musculature was dependent 
on the calcium ion, it was of interest to determine the role which this ion played 
m the effect of the glycosides on respiration. In this connection, the effect of the 
magnesium ion and of the concentration of phosphate have also been studied. 

Methods. Respiration was measured by the Warburg manometric technique. Cats 
Weighing 2.6 to 4.0 kgm. were anesthetized rapidly and lightly with ether and the hearts 
iBimcdiatcly removed to a pre-cooled Ringcr-pbosphate-glucose medium to bo described 
below. All solutions in contact with the tissues were kept at about 5-10°C. until the vessels 
were placed in the 3S°C. -water bath. The left ventricle was isolated, its cpicardium re- 
moved and free-hand slices of approximately 0.8 mm. in thickness were cut and placed in a 
Petri dish containing 10 cc. of the medium undergoing agitation by oxygenation. Slices 
selected for their thickness and uniformity, weighing approximately 100 or 150 mgm., were 
placed respectively in 1.8 cc. of medium in the micro-vessels or in 2.7 cc. of medium in the 
larger vessels. In a series of prcliminniy experiments it was found that slices thinner than 
those used in these experiments consumed about 50 per cent less oxj-gon. The side arm 
usually contained 0.2 or 0.3 cc. of solution of glycoside or of a control solution of appro- 
priately diluted alcohol and the center well contained 0.2 cc. of 20 per cent KOH. The 

’ Preliminary experiments along these lines were carried out by Dr. S. Raska in this 
lalxiratorx’. 
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vessels were oxygenated for 10 minutes with 100 per cent oxygen during shaking, followed 
by thermal equilibration for another 10 minutes. Readings were taken every 15 minutes. 

The concentrations of components in the medium were: NaCl, 123 mM; KCl, 4.5 mil/; 
CaClj, 0.86 mil/; sodium phosphate buffer, 20 m^/ at pH 7.35; and glucose, 11.1 roil/. The 
glycosides* were dissolved in 95 per cent alcohol in a concentration of 2 X 10“* M and were 
stored in the cold. The stock solutions were found to keep for several weeks wdthout any 
signs of deterioration. On the day of the experiment, required dilutions of the glycoside or 
of alcohol, used in the control runs, were made in distilled water. Since 0.2 or 0.3 cc. of the 
glycoside or alcohol solution was added to 1.8 or 2.7 cc. of medium, respectively, the final 
concentrations of the electrolytes or glucose were nine-tenths of those stated above. 

Unless otherwise indicated, the glycoside was tipped in 2 hours after the beginning of 
measured respiration. Respiration was usually measured for a total of 4 hours. In any 
given run, vessels were set up in duplicate or triplicate, and the experiment as a whole re- 
peated at least three times, usually more. The oxygen consumption has been expressed as 
mm’ per 100 mgm. wet weight of tissue. 

Results. The effect of scilliroside, digitoxin and ouabain on the respiration of 
cardiac slices. When no glycoside was present the oxygen utilization of the 
cardiac slices decreased about 40 per cent during the first hour to an hour-and-a- 
half to a level where it was usually maintained tvithout any significant change 
for the remainder of the second and the third and fourth hours. In order to 
evaluate the e'^ect of the addition of glycoside at the 2-hour-point, the rates of 
respiration for the 15-minute periods during the half-hour preceding the intro- 
duction of the glycoside were averaged and given an arbitrary value of 100 per 
cent. 

As seen in figure 1, the introduction of scilliroside 2 hours after the beginning 
of respiration increased the rate of o.xygen uptake. The effect and the rapidity 
with which it occurred were dependent on the concentration of scilliroside. 
Thus, at a concentration of 1.6 X 10“® M (1:95,400,000) there was a rise to 
about 15 per cent above the control value within 75 minutes. Concentrations of 
3.2 X 10-®ilf (1:47,700,000) and 1 X 10"’ ilf (1:15,900,000) produced a slow but 
continuing rise of a slightly greater magnitude which reached its peak in 75 and 
60 minutes, respectively. With concentrations of 1 X 10~® hf and 1 X 10“® M 
(1:1,590,000 and 1:159,000, respectively), and even greater concentrations, up 
to 5 X 10"® ilf (1:31,000), which do not appear in this graph, the increase in rate 
of oxygen uptake of about 40 per cent occurred within the first 30 to 45 minutes. 
The increases in rate of respiration were sustained for the entire period of obser- 
vation, that is, during the 2 hours following the addition of glycoside. These 
^results differ from those obtained by L4vy et al. (8) and by Wollenberger (13) on 
rat or guinea pig heart muscle. These investigators, using concentrations 
similar to those employed here, found that after an initial increase in the rate of 
respiration, marked decreases set in during the second hour, or earlier, folloOTng 
the addition of glycoside. 

The concentration of 1 X 10"® M scilliroside was apparently the concentration 
which produced the maximal effects. In another series of e-xperiments, digitoxin, 
ouabain and scilliroside in this same concentration led to a sustained rise in 

’ Crj'stallinc scilliroside obtained through the courtesy of Sandoz Chemical Works. In c. 
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oxygen uptake of the same magnitude and rapidity of effect. The average 
results are given in table 1. 







Flo. 1. Epfect of Concentration of Sciluhoside on the Respiration of Suces of Cat 
Heart. The Values at Each Concentration Abe the A\-ebages of 6 Experiments 

TABLE 1 

Effect of cardiac glycosides an (he uptake of oxygen by cat cardiac slices 
Concentration of glycoside was 1 X 10'‘W and of glucose 0.2 per cent. Glycoside or 
alcohol was introduced 2 hours after the beginning of the experiment. Change in uptake 
IS expressed ns per cent of the average uptake in the half-hour immediately preceding the 
introduction of glyoside, corrected for the change in respiration in control experiments 
in which alcohol was used. The values recorded below are the averages of 5 experimental 
runs in duplicate 
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The cffccl of sciUirosidc on the respiration of papillary muscle. By using the 
papillary mii‘-clc of the cat heart, Cattcll and Gold (18) were able to demonstrate 
clearly that ouabain in concentrations of 1 in 5 to 100 million (2.G1 X 10-' to 
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1.31 X 10~® Af) increased the force of contraction of cardiac muscle. It was of 
interest to us to determine whether or not cardiac glycosides would accelerate the 
consumption of oxygen by the papillary muscle. Figure 2 shows that a con- 
centration of 1 X 10"® Af (1 : 1,590,000) of scilliroside caused an accelerationwhich 
amounted to about 80 per cent above the control value at the end of 1 to 2 hours 
after the addition of the glycoside. A concentration of 3.2 X 10"® Af (1 : 47,700,- 
000) had no effect on the oxygen uptake. 


Oxygen 
uptake 
as 

pep cent 
of 

ppe- 
scilliposide 
pate 




TIinutes after scilliroside 

Fia. 2. Effect of Concentration of Sciluroside on the Resmration of Papillart 

Muscle of Cat Heart 


The influence of the concentration of added glucose on the oxygen uptake in the 
presence of cardiac glycosides. Libert (12) reported that the effect of digitoxin in 
increasing respiration of cardiac tissue was dependent upon the concentration of 
added glucose. Thus, at a concentration of 4 mAf (0.07 per cent), increases up 
to about 70 per cent were obtained. At a concentration of 16 mAf (0.29 per cent) 
added glucose, the control respiration was reported to be decreased and the 
respiration in the presence of digitoxin showed increases, as compared with the 
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controls, of about 200 per cent. Wollenberger (13) found that the addition of 
glycoside 1 hour after the beginning of the experiment caused increases in respi- 
ration which also were dependent upon the concentration of added glucose. 
Thus, there was a negligible increase when no glucose was added, 14 per cent 
increase at 0.02 per cent added glucose and a maximal increase of 35 per cent 
when the concentration of glucose was 0.2 per cent or higher. Wollenberger, 
however, reported that these initial increases were followed by a depression 
amounting to 50 to 60 per cent below the control respiration. 

The results here presented (table 2 and figure 3) confirm, in general, the reports 
that the stimulation in respiration due to the cardiac glycosides is dependent 
upon the concentration of added glucose. However, the relationship between 


TABLE 2 


Effect of cardiac glycosides on uptake of oxygen by cat cardiac 
slices at various concentrations of added glucose 


The slices were washed in glucose-free medium for 2 periods of 5 minutes each before 
their addition to the media containing various concentrations of glucose. Concentration 
of glycoside was 1 X lO'W . Glycoside or alcohol was introduced 2 hours after the begin- 
ning of the experiment. Change in uptake is expressed as per cent of the average uptake 
in the half-hour immediately preceding the introduction of glycoside, corrected for the 
change in respiration in control experiments in which alcohol was used. The values 
recorded below are the averages of 6 experimental runs in duplicate. 
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such increases and the concentrations of added glucose differ markedly from those 
reported by the pretious investigators. 

In this connection the effect of added glucose on the course of respiration of 
cardiac slices in the absence of any glycoside may be described briefly. Libert (12) 
reported that the Qo, was much lower in the presence of IG milf glucose (0.29 per 
cent) than in the absence of any added glucose. Wollenberger (13) found that 
the Qo, rose very' slightly as the initial concentration of added glucose was in- 
creased. In the experiments reported in the present paper the course of o.xj'gen 
uptake was dependent on the concentration of added glucose. The presence of 
alcohol in concentrations comparable to those used in the glycoside e.xperiments 
did not influence the respiration. The addition of glucose at various stages 
during the course of measured respiration was similarly without eiTcct on the 
uptake of oxygen. 

In the absence of any added glucose, the introduction of scillirosidc 2 hours 
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after the beginning of the experiment led in general to an increase in respiration 
which reached its maximum, an average of about 30 jper cent, within the first 
half-hour. This was followed by progressively lower rates of oxygen uptake so 
that by the end of approximately one'-and-one-half hours, the respiration was 
back to the control level and was finally depressed to an average of 15 per cent 
below the control. At a concentration of 0.025 per cent added glucose the 
results were similar to those without added glucose in the medium except that the 
respiration did not decrease so much in the later stages. The maximal increase, 
about 45 per cent, was obtained at a concentration of 0.05 per cent glucose. 
This increase was maintained more steadily throughout the course of the experi- 



Fig. 3. Effect of the Initjae Introduction of 1 X 10“‘ M Scillieoside on the 
Respiration of Cabdiac Slices at Various Concentrations, of Glucose 


ment, the higher the concentration of added glucose up to a concentration of 0.2 
per cent. In e.xperiments containing higher glucose concentrations, 1 and 2 per 
cent, there was no significant difference from e.xperiments containing 0.2 per cent. 

Figure 3 is a typical experiment which shows the effect of scilliroside on respi- 
ration at various concentrations of glucose when the scilliroside was introduced 
not during the course of the experiment but at the beginning. It can be seen 
that at concentrations of 0.1, 0.2 and 2.0 per cent glucose the respiration increased 
from an average value of 38 mm’ to one of 53 mm’ per 15 minutes per 100 mgm. of 
wet weight, or about 40 per cent, TOthin the first half-hour. This increased 
oxj-gen uptake was maintained for another two-and-a-half hours. Thereafter, 
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the respiration at the higher concentrations of glucose, 0.2 and 2.0 per cent, 
decreased slightly, so that at the end of 5 hours the respiration vras slightlj' above 
the initial rate of oxygen uptake; at a concentration of 0.1 per cent of glucose, 
the rate of respiration began to decrease so that by the end of 5 hours it was 
about 30 per cent below the initial rate of respiration. These results differ 
markedly from those obtained in the control runs which contained, in addition 
to the usual components, a concentration of alcohol comparable to that present 
in the glycoside experiments. It may be seen that in these control experiments 
the initial respiration fell within 1 hour from a value of 39 mm^ to one of about 
25 mm’ per 15 minutes per 100 mgm. wet weight and thereafter continued at this 
rate, with minor fluctuations, for the remainder of the observ'ation period, or 4 
hours after the initial fall. Thus, the rate of respiration in the scilliroside experi- 
ments was about 100 per cent higher than in the control experiments. In 
contrast, as can be seen from table 2, those experiments in which scilliroside was 


0.018 M phosphate buffep 


00008M calcium 


No calcium 



Fiq. 4. Effect of Cai/:ium os Oxvge.v Uptake of Slices of Cat Heart Before and After 
THE ISTRODnCnON OF SciLUROSIDE 1 X 10*‘ M 


added 2 hours after the beginning of measured respiration, the increase of the 
rate of respiration was only about 40 per cent above that of the control. 

Wien ouabain or digitoxin was added in the same concentration, 1 X 10“* 5/, 
at the beginning of an experiment to a reaction-medium containing 0.2 per cent 
glucose, the same effect was obsen’cd in these as in simultaneously run experi- 
ments with scilliroside. 

Influence of calcium ion on the respiration of cardiac slices in the presence of 
scilliroside. It should be emphasized that in the e.xperimcnts so far reported in 



scilliroside to heart slices when calcium was absent from the medium. It may 
bo noted first that in the initial period and in control runs in the absence of 
calcium, respiration did not fall off as rapidly nor as much as when calcium was 
present. The addition of scilliroside, in a concentration of 1 X 10~* .If, 2 hours 
after the beginning of the measured respiration did not produce any increase in 
the rate of oxygen uptake. Indeed, there was a depre.'sion of about 20 percent 



282 


MURRAY FINKELSTEIN AND OSCAR BODANSKT 


within the first hour. For purposes of comparison, figure 4 shows the accelerant 
effect of scilliroside when 0.8 milf of calcium was present in the medium'. This 
same depression in the absence of calcium was observed with ouabain or digitoxin 
in the same concentration as scilliroside. 

The influence of the concentration of the calcium ion on the acceleration of 
respiration by cardiac glycoside was also investigated. It was realized that in 
order to avoid calcium phosphate precipitation, which occurred when the con- 
centration of calcium was increased to 1.6 mill, it would be necessary to reduce 
the concentration of the phosphate buffer, even though such a reduction might 
influence the buffering capacity of the medium. However, as wll be seen 
presently, the reduction of pH during the course of the experiment, as a result of 
this procedure was found not to influence respiration. 

Table 3 shows that at a phosphate concentration of 1.8 milf and a calcium con- 
centration of 0.8 milf the introduction of scilliroside led to a continuous increase 

TABLE 3 

Influence of calcium concentration on the accelerant effect of respiration by scilliroside 

Concentration of scilliroside was 1 X lO'Mf, of glucose 0.2 per cent and of phosphate 
buffer 1.8 mM. Glycoside or alcohol was introduced 2 hours after the beginning of the 
experiment. Change in uptake is expressed as per cent of the average uptake in the half- 
hour immediately preceding the introduction of the scilliroside, corrected for the change in 
respiration in control experiments in which alcohol was used. The values recorded below 
arc the averages of 6 experimental runs in duplicate. 
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in respiration, which by the end of 75 minutes was 97 per cent higher than the 
control respiration. In contrast, when the concentration of calcium was 1.6 milf 
the rise was greater, amoimting to 150 per cent more than the control respiration 
at the end of 75 minutes. In these experiments, regardless of calcium concen- 
tration, the initial pH was 7.2 and the final pH was 6.7. 

Influence of the concentration of phosphate buffer on the respiration of cardiac 
slices in the presence of scilliroside. The relative accelerant effect of scilliroside 
at a calcium concentration of 0.8 mill and a phosphate concentration of 1.8 milf 
was 97 per cent above that of its control. It will be recalled that the accelerant 
effect at the same concentration of calcium but at 18 mAf phosphate was only 
about 50 per cent (table 1). Reference to figure 5 (average results of 6 experi- 
ments) shows that in control experiments at lower phosphate concentration there 
was a decreased oxygen uptake. The respiration at 1.8 milf phosphate concen- 
tration preceding introduction of scilliroside was about 50 per cent of that of 
control experiments in which the concentration of phosphate buffer was 18 milf. 
Thus, scilliroside exerted a greater accelerant effect on cardiac slices which were 
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respiring poorly as a result of lowered phosphate in the medium. It was not 
possible to elevate the rate of respiration by introducing phosphate during the 
course of respiration so as to raise the concentration from 1,8 mill to 18 toM. 

The decreased respiration at the lower phosphate buffer does not appear to be 
due to a pH effect. The initial pH and the pH at the end of 4 hours of measured 
respiration in the usual medium containing 18 mJf phosphate were, respectively, 
7,3 and 6,8, The initial and final pH in the medium containing the lower con- 
centration of phosphate buffer, 1,8 mill, were slightly less, 7.2 and 6.7, respec- 
tively. However, the decreased respiration observed in the latter medium could 
not have been due to these slightly lower pH levels. It was found that in media 
containing 18 mSf phosphate, but initially adj usted to a lower pH, the respiration 
was the same as in the usual 18 mM phosphate buffer medium. Thus, at a 
phosphate concentration of 18 m.M, with an initial pH of 7.3 and a final pH of 6.8, 



Fic. 6. ErrxcT or PnospnATE ov the Oxygen Uptake or Slices or Cat Heaht Before 
AND AiTER TRE InTRODVCTIOS OP SciLUROSIDE 1 X lO”* M 


the oxygen uptake was 45 mm’ per 100 mgm. of wet tissue during the first 15 
minutes of measured respiration and 28 mm’ per 100 mgm. of wet tissue during 
the last 15-minute period ending the fourth hour of measured respiration. 
Again, at a phosphate concentration of 18 milf, with an initial pH of 7.1 and a 
final pH of G.7, the values for respiration for the first and last 15-minute periods 
were c-sscntially the same as above, 44 and 28 mm’ of oxj-gen per 100 mgm. of 
wet tissue, respectively. When the initial pH was adjusted to 6.9 and the. final 
pH was G.C, the initial and final uptakes of oxj'gen were again essentially the 
same, 44 and 27 mm’, respectively, per 15 minutes per 100 mgm. of wet tissue. 
In contrast, when phosphate concentration was 1.8 m^f, with an initial pH of 7.2 
and a final pH of 0.7, the initial and final uptakes of oxj’gen were reduced con- 
siderably, 22 and 15 mm’ of oxj’gen per 15 minutes per 100 mgm. wet weight of 
ti^-suc, respectively. 

Influence of Tnar;ncsium ion on respiration of cardiac slices in the presence of 


284 


MURRAY FINKELSTEIN AND OSCAR BODANSKY 


scillirostde. The use of magnesium ion in respiration media is quite common. 
Wollenberger (13) and L6vy and her collaborators (8-12) used this ion in their 
media in studying the effect of cardiac glycosides on respiration. Since we did 
not routinely use magnesium in our media, a series of experiments was performed 
in order to determine whether or not this ion had a significant influence on the 
acceleration of respiration produced by the cardiac glycosides. 

It was found that in control runs the presence of 1.08 or 2.16 milf magnesium 
depressed the respiration of cat cardiac slices slightly, but statistically signifi- 
cantly, during the first 2 hours, but not during the third or fourth hours. Thus, 
the oxygen uptake during the first hour was 149 mm“ per 100 mgm. of wet tissue 
in the absence of magnesium, 128 mm’ in the presence of 1.08 mM and 120 mm’ 
per 100 mgm. wet tissue in the presence of 2.16 mM magnesium*. During the 
second hour the oxygen uptakes were 117, 106 and 98 mm’ per 100 mgm. of wet 
tissue, respecively, in the absence of magnesium, in the presence of 1.08 milf and 


TABLE 4 

Influence of magnesium concenlralion on the accelerant effect of respiration by scillirostde 

Concentration of Bcilliroaide was 1 X and of glucose 0.2 per cent. Glycoside or 

alcohol was introduced 2 hours after the beginning of the experiment. Change in uptake 
is expressed as per cent of the average uptake in the half-hour immediately preceding the 
introduction of the scilliroside, corrected for the change in respiration in control o.xperi- 
ments in which alcohol was used. The values recorded below are the averages of 4 experi- 
mental runs in duplicate. 


VZZ CXNT CHANCE IN XESPOtATlOV AT: 


COKCENT»A- 

TION 

0-15 

min 

16-30 
min. 1 

30-45 

min. 


60-76 

min. 

1 76-90 

1 min. j 

90-105 

min. 

106-120 

min. 

mir 

0.0 

-H4 


+51 

+46 

+47 


+46 

+43 

1.08 

+11 


+58 

+66 

+71 


+54 

+58 

2.16 

+5 


+59 

+68 

+73 


+66 

+67 


in the presence of 2.16 mill magnesium’. Although the rate of respiration during 
the third and fourth hours was lower in the presence of magnesium than in its 
absence, the differences were not statistically significant. 

Table 4 shows that the addition of scilliroside in a concentration of 1 X 10~’Af 
resulted in the usual increase in respiration, about 40 to 50 per cent in those runs 
in which magnesium was absent. In the presence of magnesium, the relative 
accelerant effect was somewhat greater, amounting to a maximal rise of 70 per 
cent. However, the absolute rate of respiration in the experiments with magne- 
sium was brought up to about the same level as in those wthout magnesium. 
It will be recalled that in the absence of calcium the introduction of the glycosides 

* The "p” values for the differences between the values in the presence of magnesium 
and in its absence were less than 0.01. 

‘ The difference between 106 and 117 gave a “p" value of 0.05; that between 9S and 117 
a "p” value of less than 0.01. 
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caused not an acceleration but a depression in respiration of cat cardiac slices. 
When calcium was absent, but a concentration of either l.OS or 2.16 mM of mag- 
nesium was present, this characteristic effect due to the absence of calcium was 
in no wise altered. 

Discussion. There are not available at the present time adequate data to 
permit a ready explanation of the accelerant effect of the cardiac glycosides on 
oxygen uptake by cardiac slices. Wollenberger (13) submitted the hypothesis 
that the cardiac glysocides increase the permeability of the cell surface to glucose 
or to other o.^ddizable substrates. He also explained the inhibition in respiration 
which he observed to follow the initial acceleration, particularly at high concen- 
trations of glycosides, by this increased permeability which permitted outward 
diffusion of cellular components essential to respiration. Wollenberger was dis- 
inclined to invoke an enzymic mechanism to explain the accelerant effect; he 
found that ouabain had no effect on the oxygen uptake of homogenized guinea 
pig heart or of a respiratoiy enzyme sj'stem consisting of glucose dehydrogenase, 
coenzyme I, cytochrome oxidase, and cytochrome c. 

Our results are in accord with Wollenberger’s formulation to the extent that 
we obtain an acceleration of respiration and that the magnitude of the accelera- 
tion is dependent, in general, on the concentration of glycoside and added glucose. 
However, there are several additional assumptions which would have to he made 
in order to explain our results on the basis that the major action of the glycosides 
is to increase cell permeability. First, in contrast to Wollenberger, we obtained 
an acceleration of respiration in the absence of any added glucose. To explain 
this it would be necessary to assume that in some manner, the endogenous glucose 
or glycogen is made more readily available for oxidation. Secondly, since we did 
not observe any inhibition of respiration, it would have to be assumed that, in 
our experiments at least, the increase in permeability was of sufficient degree to 
permit readier access of substrate, but not great enough to allow the outward 
diffusion of essential metabolites. Thirdly, since we found that calcium was 
essential for acceleration of respiration, the additional assumption would have to 
be made, that calcium is essential for permeability of the cell surface and that 
impermeability results when it is absent from the medium. However, such an 
assumption is contrary to the results of studies which show that decrease in cal- 
cium concentration increases cell permeability (19-23). Finally, it is difficult in 
the light of Wollenberger’s theory, to explain the hyporespiration at the lower 
phosphate concentration, or in the presence of 1.08 or 2.16 mill magnesium ion 
and the greater relative accelerant effect of the cardiac glycosides under these 
conditions. 

Fcnn (24) showed that contractures produced in frog’s sartorius muscle by 
various chemical agents, notably caffeine, were accompanied by increases in 
oxj’gcn consumption. The question arises whether or not the increased oxj-gen 
consumption of cat heart slices in the presence of cardiac glycosides is associated 
with conlnicturc of the muscle. Ko direct evidence concerning this pointexists. 
C.attell (2.5) found that cat papillary muscle showed no contractures in the pres- 
ence of ouabain ranging in concentration from 1 in 5 to 70 million (2.C1 X 10-' 
tol.ST X 10-Mf). 
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SUMMARY 

1. The oxygen consumption of cat cardiac slices of the left ventricle was meas- 
ured and the changes produced under the influence of various ions and cardiac 
glycosides were observed. 

2; The introduction of scilliroside in concentrations of 1.6 X 10”* to 5 X 10”* 
M two hours after the beginning of measured respiration produced a maintained 
increase in the rate of o.xygen uptake. The effect and rapidity ivith which this 
increase occurred were dependent on the concentration of scilliroside. A con- 
centration of I X 10~^ M produced maximal effects. Digitoxin and ouabain 
in this concentration produced similar results. The oxygen consumption of the 
papillary muscle of the right ventricle was accelerated by a concentration of 
1 X 10”® M, but not by a concentration of 3.2 X 10”* M scilliroside. 

3. The degree of acceleration of respiration increased as the concentration of 
added glucose was increased up to 0.2 per cent. 

4. The presence of calcium ion was essential to the acceleration of respiration 
by the cardiac glycosides. When calcium was absent from the medium, the 
introduction of cardiac glycosides caused a decrease in respiration of cardiac 
tissue. 

5. At a low phosphate concentration the initial respiration was approximately 
50 per cent lower than usual. The introduction of scilliroside led to a 75 per cent 
increase in the rate of oxygen Uptake, compared to a 50 per cent increase at higher 
phosphate concentration. When the concentration of phosphate was low and 
that of calcium was high the introduction of scilliroside led to a relative accelera- 
tion of 150 per cent in the rate of oxygen uptake. 

6. Tissues in a medium containing magnesium in concentrations of 1.08 or 
2.16 miif , consumed initially less oxygen than when magnesium was absent. The 
introduction of scilliroside led to a greater relative acceleration in uptake in the 
presence of magnesium. 

7. Hyporespiring tissues showed a relatively greater acceleration in respiration 
after the introduction of scilliroside than did normally respiring slices. 
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STUDIES ON THE LAXATIVE ACTIVITY OP TRIPHENYL- 
METHANE DERIVATIVES 


I. Relatiokship between Structure and Activitv of 
Phenolphthalein Congeners 

S. LOEWE 

Department of Pharmacology, University of Utah School of Medicine, Salt Lake City, Utah 
Rccoi\’ed for publication July 29, 1948 

With the synthesis of phenolphthalein in 1871 (1) Von Baeyer opened a new 
field of triphenyhnethane derivatives, the diphenylphthalides. Therapeutists, 
by an accident (2), established the capacity of phenolphthalein to produce taxa- 
tion, a property which has been used and abused in hundreds of proprietary 
anticonstipants consumed in billions of doses annually. However, all such 
proprietaries contain only one representative of the class, phenolphthalein (PTH) 
itself, and virtually no other diphenylphthalide has ever found serious thera- 
peutic application. This is due to the lack of pharmacological studies of the 
cathartic potentialities of PTH congeners. 

The relationship between the chemical structure of the congeneric triphenyl- 
methanes and their ia.vative activity has received attention only recently. A 
comparative study of the laxative potency of a series of eight congeners and a 
fewderivatives has been reported (3). The number of PTH homologs tested has 
now grovm to fifteen, that of analogs to nine and that of derivatives to twent}', 
and data obtained previously have been either verified or amended by additional 
assays. The present communication is concerned with these studies and with 
the problem of structure-activity relationship in this class. 

ExpEHistENTAL PKOCEDURE. The laxative activity of PTH and 46 congenera was deter- 
mined by bioassay in the rhesus monkey as described in previous papers (3, 4, 5, 6; see also 
7‘). The reference standard was a sample of U. S. P. phenolphthalein, the potency value 
(P) of which was established in over 4000 experiments.’ 

The substances studied are ehemically characterized in table 1 and listed in columns 1 to 
5 of tables 2 and 3. They were prepared by Dr. M. Hubacher.’ For the majority of sub- 
stances, the synthesis followed procedures described in the chemical literature. On occa- 
sion now syntheses were employed and new or decisively improved products obtained. The 
test substances (see tables 2 and 3; general formula (I) in table I) differ from PTH either in 
the composition of one or both of the two phenol rings H' and R’ or in that of the R'rR* ring 
system, and can be grouped as follows: 

A. Homologous diphenylphthalides. Group 1. — The scries of isomeric and homologous 
mono- or polyhydric diphenylphthalides proper, in which R’ and R» are benzene rings with 
varying numbers of OH-groups in different positions. Group 2. — Derivatives of Group 1, 
in which phenolic hydroxyl groups are blocked by formation of ethers or esters, including 
formation of fluorans. Group 3. — Polyhydric diphenylphthalides with additional substitu- 
ents other than hydroxyl groups at the rings R‘ and R’. 


>>Ionkeys were supplied by Exlax Inc., Brooklyn, Xew York. 

’ For greater convenience, the potency of phenolphthalein is defined as 100 instead of the 
previously used value of 1.0. 

’ Chief Chemist, E-xlax Inc., Brooklyn, New York. 
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TABLE 1 


RS R» R= 



I II III 


GENERAL FORMULA PHTHALIDE PHTHALIMIDE 


•Ri R= R‘ R2 Ri R= 



METHYLPHTHALIMIDE ISATIN ACETISATIDE 



Cl 

VII 

TETRACHLORPHTHALIDE 



vni 

l3',4'^l.l,2-NAPimL\LIDE 


R> R« 



X 

ANTHUOXE-10 




TABLE 2 

Laxative activity of diplienylphthalides 
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31 Diplicnylplionolphtlmlein 5-CiIIi6h ■=■ U* 2'U I <6.00 <7.35 

.3.') Alphn-nnpbtliolphtimloin 3-OII; 6,0-(C<ni) = R' 253 -254 4 <0.20 <8.20 


Laxative activity of analogs of the phthalides 
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4-O-Ac 

4-OH 

4-OH 

4-OH 

3,4,5-OH 

3,4,5-OH 
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Phthalide 

Tetrachlorphthalide 

1.2- NaphthaIide 

1 .2- NaphthaHdc, iao- 
Phthalimido 
N-mothyl- 

phthalimide 

Isatin 

N-acctyliBatin 

Anthraquinonc 

1,8-Naphthalide 

1.8- Naphthalide 

1.8- NaphthaIide 

1.8- Naphthalidc 


SUnSTANCC 

Phcnolphthaloin 

Phcnoltotrachlorphthaloin 

1 .2- Phenolnaphthalein 

1.2- PhonolnaphthaIein, iso- 
Phenolphthalimide 

N -mothylphonolphthalimido 

Dincctylphonolisatin 

Triacotylphenolieatin 

9, 9-Di (4-hydroxyphenyl ) - 
anthrone-10 

1 ,8-Phenolnaplithalein 
Plionolbcnzcnc-1 ,8-naphthaIein 
Pyrogallolbonzene-1 , 8- 
naphthalcin 

Pyrogallolphonol-1 ,8- 
naphthalein 

- 
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IX 
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B. Analogs of the diphenylphlhalides. The analogs studied belong to three groups (see 
tables 1 and 3) according to whether they differ from the phthalides (II) in R> (Group 4; 
VII, VIII, IX), in R* (Group 5; III, IV, V, VI, X), or in both rings (Group 6; X of the fused 
2-ring system) . 

The results of bioassay are reported in tables 2 and 3. The mean value of laxative po- 
tency (P) is given on the basis of weight (column 7) and molecular weight (column 8). 
Whereas under favorable assay conditions the mean value obtained with the method of 
intra -individual determination (3, 4, 5, 6; see also 7) is reliable within a range of ±10 per 
cent or less, the necessary number of experiments in the critical range was limited in some 
of the assays either by feeble activity of the test substance (due to which a considerable part 
of the limited supply of drug was employed in a few large-dose experiments), or by the taste 
of the substance (due to which only a few monkeys could be induced to consume the requisite 
dose). In the majority of experiments no attempt was made to find the range of effective- 
ness when the potency was less than ^ that of PTH. For these reasons, the reliability of 
each potency value is indicated as previously (3) by recording, in column 6, the number of 
assay experiments performed. 

Results. A. Homologous diphenylphlhalides. Group 1. As shown in table 
2 and illustrated by figure 1, in the group of polyhydric diphenylphthalides 
proper (Nos. 1 to 16), one of the isomeric trihydroxyl derivatives has the highest 
potency; it is the trihydric pyrogallolbenzenephthalein (No. 8) which is superior 
to phenolphthalein by 63 per cent. The series contains two additional members 
having about one-half or more the potency of PTH, one trihydric (No. 9; potency 
P = 68.5), the other tetrahydric (No. 14; P = 47). Next in order of decreasing 
potency is a dihydric derivative (No. 4; P = 30). 

The remaining eleven representatives had less than 11.6 per cent of the 
activity of PTH. Prominent among these is the hydroxyl-free parent substance 
(No. 1 ; P = 7.25). At least eight substances representing mono- to tetrahydric 
derivatives had less than 5 per cent, and at least six substances even less than 
2 per cent of the potency of PTH. 

Group 2. Ethers as well as esters of the polyhydric compounds of Group 1 
Were generally less potent than the corresponding free phenols. Among the 
esters, the diacetate of PTH (No. 23) was more potent than the dibenzoate (No. 
24). Gradual reduction of the number of free alcohol groups in the trihydric 
pyrogallolbenzenephthalein (No. 8) resulted in a gradual decrease in laxative 
potency, as shown in tables 2 and 4. 

By etherification, laxative potency was decreased to a varying degree. The 
glucosidic phenolphthalein ether (No. 25) still possessed almost the potency of 
its PTH moiety. Dimethylation of PTH diminished the potency bj' 88 per 
cent (table 1, No. 22). On the other hand, monomcthylntion of PTH (No. 21) 
reduced the potenej* more than did dimethylation, whereas methylation of the 
monohydroxj'l homolog resulted in an ether (No. 20) that had three times the 
potency of the free alcohol. 

All fluorans tested were found devoid of demonstrable laxative activilj-. If 
they have an}- laxative action, their potency is less than Vc that of PTH. 

Group 3. Any alkyl (Nos. 30 to 33) or aryl substitution (Nos. 34 and 35) on 
C-atoms of 11', R' or both resulted in a grc-at reduction in laxative actirity. 
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FIGURE 1 



Fio. 1. Variation of Laxative Potencv of PoLrnTDRioDipiiENVLrHTHALiDES (Ordinate; 

Numbers at Margin •= Potbncv; Yardstick: Loo Potencv) with Number of 
Phenolic Hydroxvl Substituents (Abscissa) 

: series formed by progress! vely addinc an OH group in the most distal position 

vacant. : series formed by progressively admng a p- or m-OH group. scries 

of mixed p- and o-OH homologs. Figures at projection points signify position of the OH 
groups of the compound tested. 
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Introduction in PTH of a single methyl group in position 3 (No. 30) reduced the 
potency from 100 to 12.5. Introduction of two methyl groups in positions 3 and 
3' (No. 31), of more and larger alkyl groups (Nos. 32 and 33), of a phenol group 
(No. 34), or of a conjugated benzene ring (No. 35) abolished any laxative activity 
demonstrable by the assay method. 

B. Analogs of phenolphthalein. Group 4. In the three analogs of this group, 
the benzene ring R’ of phthalide is replaced by tetrachlorbenzene (VII; table 3, 
No. 2) or by naphthalene (VIII, IX; Nos. 3 and 4). The first analog, phenol- 
tetrachloiphthalein, was inactive. The second two, the isomeric 1,2-naphtha- 
lenedicarboxylic anhydrides, were also considerably less potent than PTH. 

Group 5. In the five analogs of this group, the hydrofuran ring R^ is replaced 
by pyrrolidine (HI, No. 5; V, No. 7), N-methyl-pyrrolidine (IV, No. 6), aceto- 
pyrrolidine ('iT, No. 8) or naphthalene (X, No. 9). The two pyrrolidine analogs, 

TABLE 4 


Change in laxative potency by gradual acetylation of phenolic hydroxyl groups 



3, 4 , S-rWHYDiOXY-OirarVYLPirTHAllDE 

Free alcohol 

Mono- j 

Di. 1 

1 Tri- 

Acetate 

Substance No 

8 

26 

27 

28 

Number of free OH-groups. . . . 

3 

2 

1 

0 

Potency 

163.0 

23.0 

16.6 

2.6 


although their R’:R* skeletons are isomeric, represent diametrical extremes in 
laxative potency. The phthalimide derivative No. 5 had only about one-tenth, 
hut the isatin derivative No. 7 had more than 17 times the potency of PTH. In 
both types of pyrrolidine analogs of PTH, N-substitution decreased the activity; 
in the case of the isatin derivative No. 8, however, the potency was still ten 
times that of PTH. The laxative activity of the R* naphthalene analog of PTH, 
No. 9, was almost one-half that of PTH. 

Group 6. In the examples of this group, the benzene ring R* is replaced by 
naphthalein and the hydrofuran ring R* by a bydropjoran ring. Phenolnaph- 
thalcin (XI; No. 10) had five times the potency of PTH. The three other 
examples studied in this group were polyhydric homologs of phenolnaphthalein, 
dilTcring from the latter and from each other in the number and position of 
phenolic hydroxyl groups. All three (Nos. 11, 12 and 13) were greatly inferior 
in potency to both 1,8-phenolnaphthalein and PTH. 

Discu.ssion. In a previous study of the SAR‘ of aromatic laxatives (3), some 
data were presented indicating that polyhydric di-, tri- and tetraphenyhnethanes 
become laxophoric* when connected with an additional carbonyl containing ring. 
Moreover it was suggested that in the class of diphcnylphthalidcs the laxative 

‘nie nbbrcvialion “SAR” (slructurc^activjty relationship) is used to express the 
lrn(;lhy phrapo ‘‘relationship between chemical confipuralion and biolopcal RCti\'ity.'’ 







296 


S. LOEWE 


potency varies with the number of phenolic hydroxyls, and that a closer study 
of the influence of this variable might answer the question whether PTH is the 
most effective representative of the series of these congeners. The present study 
helps to elucidate these aspects of the SAR. 

A. SAR of the homologous polyhydric diphenylphthalides. According to the 
bioassay of laxative potency of 35 congeners and derivatives, SAR in the class 
of diphenylphthalides proper appears to conform to the following rules: 

1. The parent substance of the class, the OH-free diphenylphthalide (No. 1), 
possesses considerable laxative activity. 

2. Introduction of a single hydroxyl group into the parent substance decreases 
the potency. 

3. Two or more phenolic OH groups are auxocathartic,® but only when they 
are in a position distal to the phthalide ring (positions 3, 4, 5). Under these 
conditions, laxative potency increases with the number of phenolic hydroxyl 
groups up to a maximum embodied in one of the isomeric trihydric derivatives, 
and decreases with further increase in the number of OH-groups. 

4. In contrast, proximal OH-groups, in positions 2 and 6, are miocathartic.® 

5. The laxative potency of homologs with more than one hydroxyl is also 
decreased (a) by blocking of free phenolic hydroxyl groups, both ether- and ester- 
ification being miocathartic, (b) by internal etherification between pro.ximal 
OH-groups of the two phenol rings which gives rise to formation of a fourth 
(pyran) ring characteristic of the fluorans, and (c) by any alkyl or aryl sub- 
stituents in R* or R^. 

The details of SAR disclosed by the bioassay findings and outlined by the 
above rules cannot be discussed here exhaustively and mil be dealt with more 
extensively elsewhere. Only some major structural requirements for laxative 
activity in this homologous series may be reviewed. 

Uninhibited rotation of the rings R* and R- is a primary prerequisite, as indi- 
cated by the inacti\’ity of the fluorans and the miocathartic role of proximal 
substituents, including proximal OH groups. The positional prerequisite for 
auxocathartic influence of OH groups, namely, their distal position, puts empha- 
sis on the significance of location of these groups near the periphery of the mole- 
cule. The prerequisite of number of OH groups, namely, a minimum of two and 
an optimum of three, suggests that hydroaffinity favors laxative activity, if at 
all, only within certain limits and that particularly in tetrahydric and higher 
homologs there may be interference between hydrophilic and auxocathartic 
influences of the OH groups. The miocathartic role of a solitary distal OH group 
is difficult to understand; the fact, however, explains why an otherwise mio- 
cathartic blocking of this group increases (Nos. 20 and 22) and, contrariwise, 
unblocking decreases the potency (compare No. 22 wth No. 21). 

Ssunmetrical arrangement of the substituents at the phenol ring or equality of 
substitutions of the two rings are not prerequisites of higher potency. To the 

‘ The term ‘laxophoric”, often used somewhat indiscriminately, will be limited to desig- 
nate properties of the atruetural skeleton, whieh are correlated with cathartic activity- 
Substituents whieh increase laxative activity will be called “auxocathartic”, whereas sub- 
stituents which decrease laxative activity will be called "miocathartic.” 
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contrarj', the majority of potent homologs and especially the most potent repre- 
sentative are intra- and intemuclearly asymmetrical. This implies that the3' 
were tested as racemates which may be less potent by 50 per cent than one of 
their optical isomers; the maximum potenc3' in the class ma3’^ thus be as high as 
326. 

The trend of potencies of the substances studied out of the 190 compounds of 
the entire class is not suggestive of a likelihood of higher potencies in nontested 
substances, as will be shown elsewhere. 

B. Analogs of phenolphlhalein. All analogs studied compl3’^ with the previousl3' 
(3) derived requirements for laxophoric character of the skeletal R’.'R'* ring 
S3’stem. The third benzene ring of the triphen3'lmethane is alwa3’'s fused into 
a two-ring S3'stem containing the triphenyl-substituted methen3'’l group and an 
0X0 group. The following SAR trends are indicated. 

Substitutions in the benzene ring R“ of the phthalide ring S3’stem decreased 
(N os. 3 and 4) or abolished (No. 2) laxative acti\uty. The two isomeric naphtha- 
lene derivatives differ in potenc3' and in the distance of the phenyl groups from 
the perimeter of the molecule. Structural alterations in ring R^ of the two-ring 
sj'stem, quite contrar3' to those in ring R’, can result in a remarkable increase in 
laxative potenc3". The isomeric substances studied differ chemically as much 
as they do in pharmacological activity, the weakly potent phthalimides being 
dicarboximides, the highly potent isatins, monocarboxanilides. The conversion 
of phthalide into phthalimide is not irreversible, particularly not at gastric pH. 
The insignificant laxative activity of the dihydrox3’diphen3'lphthalimide. No. 6, 
®ay therefore be due to reconversion of about 10 per cent of the imide to the 
phthalic anh3'dride. The dih3’droxydiphenolisatins, on the other hand, are 
distinguished by extremely low solubility and great chemical stabilit3'. The 
outstanding cathartic activit3' of the isatin derivative No. 7 is the more remark- 
able inasmuch as the two phenolic hydrox3d groups are blocked b3' acetylation, 
an alteration which, in the phthalides, results in a ver3' considerable decrease in 
potency. It appears indeed as if the free phenol, diliydroxydiphen3'lisatm, is 
still more potent that its diacctate (8). Alteration of the structure of both rings 
01 the R’:R< ring s3-stem can also give rise to a marked increase in laxative po- 
Icncy. The P3’Tan derivative phenolnaphthalein (No. 10) differs from its furan 
J^mers (No. 3, P = 47.0; and No. 4, P = 8.25), b3’ ha'^dng a potenc3' of 500. 

le potencies of the four homologous derivatives (table 3, Nos. 10, 11, 12 and 
u, parent substance, diphen3’lnaphthalide, when compared with those of 
c corresponding pol3’h3-dric derivatives of diphen3dphtbalide (table 2, Nos. 2, 

I and 8), indicate that the rule for maximum auxocathartic influence of distal 
Groups in diphen3’lphthalides docs not applv without modification to 1 ,8- 

naphtlnalidcs. 

• Question whether the leading role in medicinal use pla3’ed b3' PTH is 
ju.'.tified from the aspect of potcnc3" is clearh’ answered b3' this stud3'. .At least 
one, if not more, of the homologs and three analogs of PTH possess much greater 
Potrnc3- than PTH. The highest laxative potencies were embodied in analogs 
^’iR* ring s3'stcm. A^Tiereas more t3'pes of analogs will have to be 
u led before the correlation of potcnc3' with the skeletal structure can be clu- 
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cidated to a similar extent as that with the phenolic hydroxyl substituents in the 
diphenylphthalide series, the data obtained can lend guidance and obvious clues 
in the search for potent cathartics. 

As to the mechanism of laxative action, the variable role of the phenolic 
hydroxyl groups, as well as the laxophoric character of OH-free congeners and 
the strong miocathartic influence of the fluoran ring closure, refute the older 
hypotheses. Laxative activity in this class is not a “local irritant phenol action", 
nor can it be related to quinoid structure. The quinoid form requires a pH which 
does not exist in the body, and fluorans were devoid of laxative activity despite 
their aptitude for quinoid conversion and the presence of distal OH-groups (see 
Nos. 18 and 19). 


SUMMARY 

1. By a study of the laxative potency in the monkey of 46 isomers, homologs 
and analogs of phenolphthalein, some light is shed upon the structural factors 
which vary the laxophoric character of the basic two-ring skeleton and govern 
the modification of cathartic activity by substituents. 

2. In the class of isomers and homologs of phenolphthalein, the variation of 
laxative activity by hydroxyl and other substituents at the free benzene rings, 
and of blocking of hydroxyl groups, could be expressed by a series of rules which 
are compatible with certain concepts of spatial arrangement and intramolecular 
kinetics. Maximum potency in the series, 1.63 times that of phenolphthalein, 
was embodied in the racemic trihydric pyrogallolbenzenephthalein, which sug- 
gests the possibility of still higher potency in an optical isomer. 

3. In the analogs of phenolphthalein, the laxophoric character of the skeletal 
two-ring system was decreased in those compounds studied in which the benzene 
part of the skeleton was enlarged by substitution, and when the phthalide was 
replaced by phthalimide, N-methylphthalimide or anthrone, but greatly in- 
creased when it was replaced by isatin, N-acetylisatin or naphthalide. Phenol- 
naphthalein had 5 and the isatins up to 17 times the potency of phenolphthalein. 

4. Reasons are presented for discarding certain older views concerning the 
mechanism of laxative action of phenolphthalein and its congeners. 
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In general, the inherent safety of a drug increases with the ratio of the toxic 
dose or concentration to the efiective dose or concentration. A definite advance 
in defining such ratios was made by McIntyre and Sievers (1) when they intro- 
duced the concept of an Anesthetic Index. The name hardly does justice to the 
main principle of this index, namely, that it is a relative rating. Absolute figures 
for toxicity and potency are not used to calculate this ratio, but toxicity relative 
to procaine and potency relative to procaine determined by experiments done in 
the same manner on the same species with the drug and with procaine. In some 
applications, such as surface anesthesia, it would be more relevant to use cocaine 
as a drug of reference rather than procaine and for different applications different 
methods should be used for the estimation of relative potency and relative tox- 
icity. Therefore, a new scries of indices is proposed, called Relative Ratings 
(R.R.). For each the drug of reference should be named, e.g. the Relative Rating 
with reference to cocaine should be designated R.R. (cocaine). In addition the 
bases of comparison should be specified in tables or in the text. Example for 
any drug X: 


L.D. 50 of cocaine 
L.D. 50 of X 


Relative Toxicity (cocaine) or Toxicity relative to cocaine. 


E.C. 50 of cocaine 
E.C. 50 of X 


Relative Potency (cocaine) or Potency relative to cocaine. 


Then 


Relative Potency (cocaine) 
Relative Toxicity (cocaine) 


Relative Rating (cocaine). 


This particular R.R. would seem to be appropriate for the eomparison of drugs 
for topical application to mucous membranes. 

Obviously for different uses such as topical application, nerve block, and 
infiltration, the methods of measuring relative potency and relative toxicity 
should be different. For example, in corneal anesthesia or a nerve block of a 
small region ns used in dentistrj-, systemic toxicity is rarely a problem and it 
would be more useful to know the relative toxicity for the tissues at the site of 
injection or application. Accordingly some c.\'perimcnts were performed in an 
attempt to establish several Relative Ratings for nine local anesthetics. 

Most of the substances used arc well known as local anesthetics and descrip- 
tions of them appear in the Briti.rii Pharmacopoeia, the United States Pharma- 
copoeia or New and Non-Official Remedies. Pontocaine is known in the B.P. 
as Amcthocainc and in the U.S.P. as Tetracaine. Nupcrcaine is known in the 
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cidated to a similar extent as that with the phenolic hydroxyl substituents in the 
diphenylphthalide series, the data obtained can lend guidance and obvious clues 
in the search for potent cathartics. 

As to the mechanism of laxative action, the variable role of the phenolic 
hydroxyl groups, as well as the laxophoric character of OH-free congeners and 
the strong miocathartic influence of the fluoran ring closure, refute the older 
hypotheses. Laxative activity in this class is not a “local irritant phenol action”, 
nor can it be related to quinoid structure. The quinoid form requires a pH which 
does not e.xist in the body, and fluorans were devoid of laxative activity despite 
their aptitude for quinoid conversion and the presence of distal OH-groups (see 
Nos. 18 and 19). 


SUMMARY 

1. By a study of the laxative potency in the monkey of 46 isomers, homologs 
and analogs of phenolphthalein, some light is shed upon the structural factors 
which vary the laxophoric character of the basic two-ring skeleton and govern 
the modification of cathartic activity by substituents. 

2. In the class of isomers and homologs of phenolphthalein, the variation of 
laxative activity by hydroxyl and other substituents at the free benzene rings, 
and of blocking of hydroxyl groups, could be expressed by a series of rules which 
are compatible with certain concepts of spatial arrangement and intramolecular 
kinetics. Maximum potency in the series, 1.63 times that of phenolphthalein, 
was embodied in the racemic trihydric pyrogallolbenzenephthalein, which sug- 
gests the possibility of still higher potency in an optical isomer. 

3. In the analogs of phenolphthalein, the laxophoric character of the skeletal 
two-ring system was decreased in those compounds studied in which the benzene 
part of the skeleton was enlarged by substitution, and when the phthalide was 
replaced by phthalimide, N-methylphthalimide or enthrone, but greatly in- 
creased when it was replaced by isatin, N-acetylisatin or naphthalide. Phenol- 
naphthalein had 5 and the isatins up to 17 times the potency of phenolphthalein. 

4. Reasons are presented for discarding certain older views concerning the 
mechanism of laxative action of phenolphthalein and its congeners. 
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of tests ■srete done on the eneci of ephtephrine on the totf ttty o: the snertnettcs 
for the sHn. Three conrentrsttons of eich snsthetic (0^. 1.0 snd 2i3 per cent) trere pte- 
psred iriih eptnephrtne {itIODXW and injected intrsdemnh j on one side of the nticiine 
cf the back srss. On the other side, the same concentmtions of the sente cmns tcithcnt 
entnerhrtne trere cdndnistered. As sente cf the emes trene tnnte toiic the vofetne per 
trheal trss ihnited to CA cc. Keen so, these recsitdnr prntocatne end nnpercatne 

ceTcIcr^d contrtdstcns trhich trere centroifed bc" the intrsperttoneni in;ert:cn cf 0— cr. o: 
Dial (Ctba) Eqnid cotnprnnd. 



Hsri-TS. Epinephrine hsd little eEect os the risstte terdcity of the local 
anesthstics tested, except in cases of octacaine, pontoimine, and nnpemaine, 
T^ete the toxin reaction seemed to be somettijat increased. 

In the experiments trith the local anesthetic slcne, in tvhich more concentrs- 
tions trere tested, the arerace diameter cf the erythsmatons area increased in 
apprtxdmatdy linear proportion to loc concentration. A straimit line ~as 
dratm by inspection to represent the relation for each drug and this line vras used 
in the calculation of relative toxicity. In the case of monocaine it tvas necessarv 
to extrapolate from the data. The actual observations are shotm in £g. 1. vhich 
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B.P. as Cinchocaine and in N.N.R. as Dibucaine. Naphthocaine is a relatively 
new drug with the chemical name of beta-diethyIaminoethyl-4-amino-l-naphthoic 
acid (2). Octacaine is also relatively new and is 2-(l-methyl heptyl)2, 2-di- 
methyl ethyl para -amino benzoate (3). Alt the drugs except butacaine sulfate 
were used in the form of the hydrochloride salts. 

Systemic toxicity. Method. The toxicity was determined by injecting the different 
drugs intraperitoneally into male white mice weighing 18-24 grams. For each anesthetic 
at each dose level not less than 10 mice were injected with amounts calculated on the basis 
of body weight. The animals nere kept under observation at an environmental tempera- 
ture of 70-78°F . for 24 hours. Sufficient variation in dosage for each drug was used so that 
less than half the animals died in some groups of mice and more than half died in other 
groups. 

The mortality rates in probit units were plotted against log dose in mgm./kgm. A 
straight line was drawn by inspection. The dosage at the point on this line corresponding 
to probit 5 nas taken as log L.D. SO. The standard errors of the L D SO’s were estimated 
by the method of first approximation, as described by Finney (4). 


TABLE I 

L.D. SO’s for nine local anesthetics 


DtUG 

i 

X.D 50d:Sx; 

i 

L D 50 ±S E : 

WITH 

EPINEPHMNX , 

DITPEXENCE 

P OT 

dippexekce 

Procaine 

mtm /kgm 

185 =fc 4 0 

mg /igm 

153 d=4 6 

per cent 

-17 

<0 01 

Metycaine 

182 ±11.0 

137 ±4 0 

-25 

<0 01 

Monocaine 

175 ± 5 9 

160 ±4 2 

-8 

>0.05 * 

Naphthocaine 

118 ± 3 8 

125 ±3 6 

-t-6 

>0 05 

Butacaine 

85 ± 5 5 

76 ±2 2 

-10 

>0.05 

Octacaine 

81 ± 3 2 

77 ±1 1 

-5 

>0.05 

Cocaine 

! 67 ± 4 7 

73 ±2 6 

-h9 

>0 05 

Pontocaine 

52 ± 2 1 

85 ±0 7 

-f63 

<0 01 

Nupereaine 

29 ± 1 7 

38 ±0 8 

-f31 

<0 01 


The effect of epinephrine on the lethal dose was also tested for each drug. Epinephrine 
nas added in the proportion of 1 mgm. per gram of the local anesthetic, except for the very 
potent drugs nupereaine, and pontocaine, for which the ratio of 2 mgm. of epinephrine per 
gram of drug was used. 

Results. The results are presented in table I. It will be noted that with 
procaine and metycaine, epinephrine increased the toxicity by a small but sig- 
nificant fraction, while with pontocaine and nupereaine, epinephrine decreased 
the toxicity. 

Tissue toxicity. Method. As studies on the toxicity of local anesthetics for tissues 
have not been numerous, the following experiments should be regarded as exploratory and 
tentative. Using one animal for each drug, intradermal injections of 0 2 cc. in concentra- 
tions of 0.1,0.25,0.5, 1 0,2 0 and, if solubility permitted, 5 0 per cent, all in 0 OpcrcentNaCl, 
were made on the back of the guinea pig. Control injections of normal saline were made for 
comparison. Eeactions, consisting of varying degrees of erythema, petechiae and ulcera- 
tion with crusting were recorded one-half hour, one hour, four hours, three days, one week 
and three weeks following injection. At the height of the reaction, which occurred about 24 
hours after the injection in all cases, the diameter of each erythematous area was measured 
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important difference which is showm in fig. 2. The slope for metycaine is defi- 
nitely less than that for the others and this characteristic is also apparent in 
fig. 3. From the lines in fig. 2 an E.C. 50 for any duration of complete anesthesia 
can be read off, because each point on the line represents an average duration at 
that concentration. By an approximate estimation the S.E. of such an E.C. 50 
is not more than 10 per cent of the value. This is applicable to all the drugs 
with the exception of metycaine, for which the S.E. is about 16 per cent. 

The relative potencies of the various drugs are shown in table II (procaine 

= 1 ). 

Topical anesthesia. Due to its accessibility and the presence of reliable 
reflex action, the cornea has been used almost exclusively for assessing surface 



Percent Concentration on L09 Stoic 

fio, 3. Doeahon OF Anesthesia or CoBNEA FOLLOWING Instillation INTO CoNJUNCTi V 1. 
Sac of Guinea Pig fob 1 Minute 

anesthetic effects. Although the rabbit and guinea pig have both been used 
extensively for this purpose. Chance and Lobstein (6) state that guinea pigs are 
more consistent than rabbits in their comeal reflex response. 

Method. Using guinea pigs weighing about 400 grams, a method similar in principle 
to that for infiltration anesthesia was used to evaluate surface anesthetic effects. Procaine 
and monocaine, having very feeble anesthetic action by topical application, were omitted 
from the series. 

Chalk boxes, with openings for the head, were used to restrain the animals. The lashes 
and any other hairs around the eye that might interfere with the stimulator were clipped. 
The latter, following a suggestion of Hirsohfelder and Bieter (7), consisted of a strip of clear 
celluloid about 8 cm. by 1 cm. attached at one end to a wooden handle and tapered to a point 
at the opposite end. A minute smooth ball of sealing wax was mounted on the point. The 
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indicates the concentrations at which petechiae and ulceration were observed. 
Although these observations are too few to allow an estimate of error, we feel 
that they are sufficiently regular to justify using them in computing a tentative 
relative rating. One observation of some interest is that the range of toxicity 
for skin is considerably greater than that for systemic toxicities. 

Relativ'e potency (infiltration). Method. To assess the degree of anesthesia with . 
different concentrations the method of Bulbring and Wajda (5) was used, in which the wheal 
was pricked with a pin 6 times at intervals of 3-5 seconds. The group of 6 stimuli was re- 
peated every 6 minutes, but instead of stopping at the end of 30 minutes the observations 
were continued until all stimuli evoked a response, i.c. until the anesthesia had entirely 
worn off. Each concentration was tested on 6 guinea pigs. The average number of failures 
to respond per pig was taken as the aggregate anesthetic score. From the same data the 
average duration of complete anesthesia was computed. 



Percent Coflc«rrtfo(fort on toj Scak 

Fig. 2. Doimtiou of Anesthesia following Inthader-ual Injection (0.2 cc.) in 

Guinea Pigs 

Each concentration of each drug except cocaine was prepared in a solution containing 
epinephrine hydrochloride 1 ; 100,000. A volume of 0.2 cc. was injected intradcrmally into 
the skin of the back. Since it has been reported that the skin anteriorly is more "sensitive” 
than that posteriorly (5), each concentration was injected twice in an anterior, a middle 
and posterior position. In stimulating the wheals the pressure required was judged by that 
needed to make the guinea pig squeak when applied to the adjacent normal skin. 

Results. The observations were first plotted as the total number of failures 
to respond (aggregate anesthetic score), against the log of the concentration. 
These lines were approximately straight and parallel. However it seemed to us 
that it would be more relevant to the practical use of these drugs to examine the 
duration of complete anesthesia (failure of all six stimuli) as a function of log 
concentration. In the case of one drug, metycaine, this presentation made an 
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important difference whicli is sbown in fig. 2. The slope for metycaine is defi- 
nitely less than that for the others and this characteristic is also apparent in 
fig. 3. From the lines in fig. 2 an E.C. 50 for any duration of complete anesthesia 
can be read off, because each point on the line represents an average duration at 
that concentration. By an approximate estimation the S.E. of such an E.C. 50 
is not more than 10 per cent of the value. This is applicable to all the drugs 
with the exception of metycaine, for which the S.E. is about 16 per cent. 

The relative potencies of the various drugs are shown in table II (procaine 
= !)■ 

Topical anesthesia. Due to its accessibility and the presence of reliable 
reflex action, the cornea has been used almost exclusively for assessing surface 



Percent Cpncmtration on toj Scoic 


Fia. 3. Ddkation OF Anesthesia OF CoKNEA FotLowiKG INBTH.LATION INTO Conjunctu i. 

Sac of Guinea Pig fob 1 Minute 

anesthetic effects. Although the rabbit and guinea pig have both been used 
extensively for this purpose, Chance and Lobstein (6) state that guinea pigs are 
more consistent than rabbits in their comeal reflex response. 

Method. Using guinea pigs weighing about 400 grams, a method similar in principle 
to that for infiltration anesthesia was used to evaluate surface anesthetic effects. Procaine 
and monocaine, having very feeble anesthetic action by topical application, were omitted 
from the scries. 

Chalk boxes, w-ith openings for the head, were used to restrain the animals. The lashes 
and any other hairs around the eye that might interfere with the stimulator were clipped. 
The latter, following a suggestion of Hirschfcldcr and Bieter (7), consisted of a strip of clear 
celluloid about 8 cm. by 1 cm. attached at one end to a wooden handle and tapered to a point 
at the opposi**' fm' A gcaling wax was mounted on the point. The 
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amount of pressure exerted on the cornea by the small wax ball could bo regulated by bend- 
ing the celluloid any desired amount. 

It nas found that different degrees of pressure had to be exerted to elicit the reflex with 
different animals. By anesthetizing one eye only, and using the opposite eye for a control, 
the approximate amount of pressure necessary to induce the reflex could be gauged. The 
visual factor in the reflex was eliminated as far as possible by approaching the eye from the 
side and rear Corneal anesthesia was produced by the instillation of 3 drops of the anes- 
thetic, made up in distilled water, into the conjunctival sac for 1 minute, following which 
the eye.was thoroughly flushed with normal saline. After estimating the necessary degree 
of pressure to cause a blink in the control eye, stimulation of the anesthetized cornea was 
carried out 6 times in fairly rapid succession at 5 minute intervals until anesthesia had worn 
off completely Six eyes were used in this manner for each of three different percentage 
strengths of each drug to determine both the aggregate anesthetic score and the duration 
of complete anesthesia. 


TABLE II 


Relative toxicitics, potencies and ratings 


DSVG 


RZI. 

TOX 


REL POTESev 


REtATlVE SATIKCS 


Systemic* 

Tissue 

Skm* 

Cornea 


Small n 
block 

Eje 

ifucosa 

PfOC 
= 1 

Coc 
« 1 

Proc 
“ 1 

Coc 

Proc 

T * 

Coc 
= J 

infilt 


a 

b 

c 


C 

f 

e/a 

e/c 

f/d 

f/b 

Monocame 

0.96 


0.4 


2 40 



2 5 

6 0 



Procaino 

1 00 

lijfll 

1 0 


1 00 




■n 



Metycaine 

1 12 

ISSl 

5 2 


2.90 



2 6 

■ifiM 



Naphthooaine 

1 22 


3 4 


S SO 

9 

3 

4.5 

1 6 

18.0 

13.4 

Pontocaine 

l.SO 


19 4 

2 88 

1^^ 

8 

8 



3.0 

11.3 

Ootacaine 

1 99 

BBS 

19 4 

2 88 


21 

2 

6 5 

■tiM 

7.0 

24.6 

Butacainc 

2.01 


12.7 

I 88 

5 30 

2 

3 

2 6 

0 4 

I.O 

2.6 

Cocaine 

2.28 


6 7 

1.00 

0 88 

1 

0 

0 4 

0.1 

1.0 


Nupercaine 

4.03 

1 76 

13 7 



132 

0 

6 0 

1 9 

65 0 



* For these injections all drugs except cocaine were made up with epinephrine 1 :100,000. 


Kesults. With the e.\ception of metycaine the lines fonned by plotting per 
cent concentration (on log scale) against duration of complete anesthesia (fig. 3) 
are practically parallel. When the aggregate anesthetic score was plotted against 
the log concentration, the line for metycaine xvas practically parallel to that of 
the other drugs. 

ReIuVitve potencies. When dosage plotted against effect results in parallel 
lines, the relatix’e potencies can be compared at any level of action. When they 
are not parallel the levels of action at xvhich the comparison is made must be 
stated. In table II the relative potencies (cocaine =1) are tabulated for a com- 
plete anesthesia for 20 minutes. The drug showing the greatest deviation from 
the average as regards slope is metycaine (fig. 3). It seems that partial anes- 
thesia due to metycaine wears off more slowly than xvith the other drugs, which 
would gix’e a misleading indication of high potency if measured by total anes- 
thetic effect (aggregate anesthetic score) rather than by the duration of complete 
anesthesia. 
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Relative rating indices. It seems evident that for each purpose for which 
local anesthetics are to be used, some attempt should be made to estimate an 
appropriate rating index. 

For massive infiltration anesthgsia a relative rating based on the relative 
potency referred to procaine by infiltration, and the systemic toxicity related to 
procaine, seem most appropriate. 

For conduction anesthesia of limited regions such as nerve block for dental 
anesthesia, the index should be based on potency relative to procaine by infil- 
tration, and toxicity to tissues relative to procaine. It would have been better 
to use a relative potency figure based on conduction anesthesia, but we have been 
unsuccessful so far in devising a sufficiently satisfactory method for measuring 
potency for conduction anesthesia in mammals. Until the latter is accomplished, 
the R.R. (procaine) for infiltration may be of some value for nerve block but 
probably not for spinals because epinephrine is not used intrathecally with the 
anesthetic in spinals. 

For surface anesthesia of the eye an index based on the potency relative to 
cocaine for the comeal refllex, and the relative toxicity to tissues based on cocaine, 
seems most relevant. For surface anesthesia of mucous cavities the potency 
relative to cocaine for the cornea, and systemic relative toxicity based on cocaine 
appears to be the most relevant index available. It would, of course, be prefer- 
able to develop a technique for measuring relative potency based on cocaine 
applied to a mucous surface. 

From these data, then, it is possible to estimate four different Relative Rating 
Indices. 

1. Massive infiltration: 


Relative Rating (Procaine) 

2. Localized blocks: 


Relative Potency (Infiltration) 
Relative Toxicity (Systemic) 


Relative Rating (Procaine) = 

3. Surface (eye) : 

Relative Rating (Cocaine) 
I. Surface (mucosa) : 


Relative Potency (Infiltration) 
Relative Toxicity (Tissue) 

_ Relative Potency (Cornea) 
Relative Toxicity (Tissue) 


Relative Rating (Cocaine) 


Relative Potency (Cornea) 
Relative Toxicity (Systemic) 


Values for the above indices for each drug are given in table II. 

The S.E. of the L.D. 50 does not in any case e.xceed ±8 per cent. Conse- 
quently, the S.E. of a relative toxicity will not exceed 11 per cent. For the 
measurements of potency the S.E. of the E.C. 50 was estimated as not e.xceeding 
10 per cent and consequently the S.E. of a relative potency vill not exceed 14 



306 


H. S. HAMILTON, B. A. WESTPALL, AND J. K. IV. FERGUSON 


per cent. The combination of these two errors in an index of relative rating 
gives an S.E. of about 19 per cent. Thus the limi ts of confidence of the R.R. at 
the level p = 0.05 may be stated as R.R. multiplied by or divided by the figure 
1.4 or R.R. + 40 per cent or — 30 per cent. ^ Accordingly as far as experimental 
error is concerned, a difference of 60 per cent in relative ratings would be signifi- 
cant, but a smaller one would not be significant, assuming that such indices were 
obtained in experiments on the same number of animals as used in our experi- 
ments. The foregoing series of estimates applies only to the Relative Ratings 
based on infiltration and systemic toxicity, but it seems likely that the other 
indices have about the same degree of precision, although there must be some 
doubt about the precision of estimates or relative tissue to.xicity till experiments 
are done on more animals. 

.It should be pointed out here that the confidence limits outlined above refer 
only to experimental conditions. In appl3ring these indices to clinical conditions 
there is a degree of uncertainty which defies computation. Relative potencies 
and toxicities of drugs are often quite different in different species. Uncertainty 
of this kind can be resolved only by quantitative tests on human subjects. There 
is no inherent impossibility in doing estimations of relative potency of these 
substances on humans and it is to be hoped that such tests will be done before 
too long. 


SUMBIABT 

1. L.D. 50 values for procaine, metycaine, monocaine, naphthocaine, buta- 
caine, octacaine, cocaine, pontocaine and nupercaine administered intraperi- 
toneally in white mice, decrease in magnitude in the order given. Epinephrine 
hydrochloride in solution ivith each anesthetic increases the systemic toxicity 
of procaine and metycaine and decreases the toxicity of pontocaine and nuper- 
caine significantly, but has no effect on the toxicity of the 5 other drugs tested. 

2. Tissue toxicity in guinea pigs, as measured by intradermal injection, does 
not closely parallel systemic toxicity, and the spread of tissue toxicities is con- 
siderably greater. The measurement of skin toxicity is suggested as a basis for 
estimating relative toxicity for nerve block in dentistry and other uses involving 
small volumes of local anesthetic. 

3. E.C. 50 values for infiltration anesthesia have been determined in guinea 
pigs by intradermal injections of each anesthetic together with epinephrine 
hydrochloride (1 : ip0,000) . 

4. E.C. 50 values for surface anesthesia of the guinea pig cornea have been 
determined. 

5. Relative Rating Indices are defined and estimated for infiltration anes- 
thesia, localized block anesthesia, comeal anesthesia and mucous surface anes- 
thesia. 

6. Two relatively new drugs, naphthocaine and octacaine, ivith high Relative 
Ratings for all four types of anesthesia, appear to be worthy of further cfinical 
study. 
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Numerous methods of estimating the potency of thyroid preparations have 
been suggested. None of these has led to a generally accepted assay, possibly 
because of their difficulty or inaccuracy. Indeed, most of the procedures have 
not been developed beyond the stage of qualitative analysis. Wokes (1), in his 
tadpole assay, is one of the few workers to describe how a quantitative comparison 
between two thyroid preparations may be carried out and to assign limits of 
error to his results. Because there is no, simple, efficient method of thyroid 
assay, even certain points of theoretical importance have yet to be settled. For 
instance, great disagreement still exists concerning the relative potencies of 
thyroid and thyroxine (2, 3, 4) and of dextro- and levo-thyroxine (5, 6, 7). Most 
of the evidence indicates that at least over a wide range of normal glands, the 
physiological activity of thyroid is related to its iodine content ( 2 , 4, 8, 9) so that 
according to the standards of the IJ.S.P. and B.P., thyroid preparations are 
assayed by chemical determinations of the iodine content. Mdrch (10), on the 
other hand, found no relation between the iodine content and the ability of a 
preparation to increase the metabolic rate of mice. Thus, for both academic and 
pharmaceutical reasons, there is a great need for a simple, accurate bioassay of 
the thyroid hormone. 

In this paper the results of two differentmethods for estimating thepbysiological 
potency of thyroxine are presented. One is based upon the decreased resistance 
of mice to anoxia, the other upon an early, acute weight loss in rats following the 
administration of thyroxine. This latter effect does not appear to have been 
previously described. The precision of these assays is not entirely satisfactory 
but they have the advantage that relatively simple procedures are involved. 

Relation of thyuoxinb to the susceptibility of mcB to anoxia. In 
1920, Duran (11) observed that rats treated with thyroid became more sensitive 
to oxygen lack. Smith, Emmens and Parkes (12) in 1947 also noted this phe- 
nomenon. They found that the administration of thyroid to mice reduced their 
resistance to anoxia and, thereby, decreased their survival time in closed vessels. 
The present study is an attempt to ascertain the precision of an assay in which 
groups of mice treated with various doses of thyro.xine are subjected to ano.xia 
simultaneously in a large, sealed chamber. 

Method. Adult mice, weighing from 20 to 25 grams, were divided into four groups of 
ten animals. One group served as a control while the other three groups were given sub- 
cutaneous injections of 2.5, 5.0 and 10.0 micrograms of thyroxine daily for seven days. 
Forty-eight hours after the last injection, the mice were all placed together in an air-tight 
chamber containing soda lime. The capacity of the chamber was 32 liters- As the o.xygen 
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was consumed from the air, the animals became asphyxiated and died. When approxi- 
mately half the mice had died, i.e. after about 45 minutes, the survivors were removed and 
the mortality rate of each group was noted. 

Results. In preliminary experiments, mice that were injected with only 
three daily doses of 0.002 to 0.250 mgms. of thyroxine were asphyxiated in a 
sealed chamber. The mortality rate was higher in the groups of mice treated 
with the larger doses of thyroxine. When the percentages of animals killed were 
converted to probits and plotted against the dosages of thyroxine in logarithms, 
a straight line was obtained. The slope of this line, however, was only 1.04. 
By reducing the amount of thyroxine injected and extending the doses over a 
period of seven days, the slope of the dose-mortality curve of mice subjected to 
anoxia was increased to the values shown in table I. The method of calculating 
the slope and its standard error was that described by Finney (13), allowances 
being made for the mortality rate of the control groups. The weighted mean 
slope was found to be 3.53 with a standard error of ±0.76. 

Relation of thyroxine to the weight of adult rats. Several workers 
have observed changes in the weight of animals following thyroid therapy. 

TABLE I 


Mortality rates of mice 


EXPT, 

LOO DOSE THVBOXINE IN LUdOGBAMS 

SLOPE 0>) 

STAND ABD 
EBBOB or b 


CoQtroU 

0.398 1 

0.699 1 

1.000 

1 

1/10 

mm 


10/10 



11 

1/10 



8/10 



lU 

1/10 

2/9 

6/9 

8/9 

3.69 1 

±1.40 


Koger, Hurst and Turner (14) found that th 3 Toxine-treated female mice gained 
more weight than control mice. The results of Cameron and Carmichael (2) 
indicate that small doses of thyroid over a two-month period decrease the growth 
rate of young rats. Gaddum (5) found in adult rats that a loss of weight ac- 
companied the rise in the metabolic rate after the administration of thyroxine. 

Experiments were primarily designed to study the difference between the 
V eight loss of thyroid-treated rats with increased metabolic rates and the weight 
loss of normal animals during a 24-hour starvation period. No significant 
difference in the amount of weight lost by the rats of the two groups was de- 
tected. During the course of these experiments, however, it was observed that 
the rats, 'without restriction of food or water, lost weight during the 48-hour 
period folloiving the first injection of thyroxine. Experiments, therefore, were 
earned out in order to ascertain whether this loss was a significant one and to see 
whether it bore a relation to the dose of thyroxine. 

Method. Adult male albino rats -n-eighing 220-280 grams were given drinking water 
containing 0.1 per cent thiouracil for ten days prior to the inj ection . They were then placed 

I^'^i^dual cages and assigned at random to the various treatments. Food (which con- 
sis e of fox chow) and water were not restricted. Two subcutaneous injections of 0.25 to 
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2.0 jngm. thyroxine were given to the rata on successive days. The body weights were 
measured at the same time every morning for several days before and after the injections. 

Results. The results of two experiments are presented in table II. These 
data were subjected to an analysis of variance (table III) according tothemethod 
of Bliss and Marks (15). The relationship of the weight loss of the rats to the 
logarithm of the dose of thyroxine may be represented by a straight line with a 
slope of 9.1 grams per unit log dose and a standard deviation of single obser- 


TABLE II 



ZXFCSnCCKT 1 

1 

EXpramrOT 2 


Log dose thyroxine 

0.398 

I o.es9 1 1.000 

j 1.301 1 0.39S 1 

0.099 1 1.000 1 

1 L301 

Weight loss of individosl rats 


t- 

r. 

X- 


X- 

X- 

X* 

X 

1 

7 

18 

17 

3 

4 

9 

18 

6 

13 

12 

14 

4 

7 

17 

10 

13 

10 

4 

12 

3 

11 

11 

19 

12 

6 

13 

24 

14 

8 

17 

12 

6 

6 

11 

6 

14 

15 

16 

17 

2 

6 

IS 

12 

8 

19 

14 

21 

6 

6 

16 

21 

6 

8 

15 

15 

12 

16 

12 

16 

10 

16 

0 

15 

Mean . . 7 

9 

13 

15 

8 

11 

14 

16 


TABLE III 
Analysis of variance 


SOUKCE or VAKIATION 

pzcxxrs or rsTEPou 

UZAKSQOAXS 

Between experiments 

1 

21.0 

Between doses 

3 

200.5* 

Linear response 

1 

599.5* 

Deviations from linearity 

' 2 

1.0 

Experiments x dose interaction 

3 

2.6 

Experimental error 

56 

19.9 

Total . 

63 

27.5 


* Significant at the 1 per cent level. 


vations of 4.4 grams decrease in body weight. By an analysis of covariance, a 
slight relation was foimd between the initial body weight of the rats and their 
weight loss (r = +0.43). The larger animals lost more weight than the smaller 
ones injected with the same dose of thyroxine. However, since this correlation 
is small, no advantage is gained by correcting for the initial weight. 

An assay nith a slope of 9.1 and a standard deviation of 4.4 would require 400 
animals (200 on the standard and 200 on the unknown) for fiducial limits of 
+25 per cent at p = 0.95. 
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The acute transient weight loss is produced by thjTOxine and thjYoid but not 
bi" diiodotyrosine, when these substances are administered on an equivalent 
iodine basis (fig. 1). A significant decrease in the water and food consumption 
of the rats accompanies their weight loss during the 24 hours following the first 
th}To.'dne injection. Although normal rats also lose weight after the adminis- 
tration of thjToxine, their response is significantly less than that of animals 
maintained on thiouracil (fig. 2) . 



Fig. 1. CinxGES in the Body Weight of Rats 

tor 10 to 14 daj's on thiouracil and then given tno injections of diiodo- 
nipon ■*?> I'^Toxine or thjToid on an equivalent iodine basis. Each point represents the 
ot the weights of 8 rats. The arron’s indicate the time of the injections. 

Discussion. IMien the graph relating the response of an organism to the 
ogarithm of the dose of a drug is a straight line, the ratio of the standard devi- 
ation to the slope of the line (s,/b) (16) is an estimate of the inherent precision of 
c assay. The greater this ratio, the more precise is the assay for a given 
number of animals. In table IV, several methods of measuring thj'roid activity 
nre listed. The slope of the log dose, response curve and the standard deviation 
a\e been estimated as well as possible from the published data. 

Direct measurement of the metabolic rate of mice (10) has given the most 
precise results for determining thyroid activity. However, a simpler method 
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Fig. 2. Changes in the Body Weight, Food (Solid Columns) and Water Consujiptton 
(Clear Columns) Maintained on Thiouhacil for 10 to 14 Days and then Given 
T u'O Injections op 1.0 mom. Thyroxine 

Changes in the weight of normal rats, not treated with thiouracil, after thyro.xine in- 
jections are represented by the dotted lines. The arrows indicate the time of the in- 
jections. Each point and column represents the mean of 8 observations. 


TABLE IV 

Precision of potential assays of thyroxine and thyroid powder 


DRUG 

1 

RESPOVSE 

ANIUAL 

STD 

DEV. 

(s) 

SLOPE 

(b) 

1 

RErEKENCE 

Thyroid 

Decrease in 
length 

Tadpoles 

8.2 

22 

0.38 

Wokes (1) 

Thyroid . . i 

CO; output 

Mice 

2.3 

46 

0.05 

Mdrch (10) 

Thyro.vinc. j 

Cardiac rates 

Thyroidcc- 
tomized rats 

16 1 

31 i 

i 

0.52 

Leblond & Hoff (17) 

Thyroxine . 

1 

CO- output 

Rats on thio- 
uracil 

28 

81 

0.35 

Reincckc, Mi.xner <t 
Turner (18) 

Thyroxine j 

j 

Thj'roid gland 
size 

Rats on thio- 
uracil 

1.7 

11 

! 0.16 

1 

Ibid. 

Thyroxine 

Weight loss 

Rats on thio- 
uracil 

4.4 

9.1 

0.48 

Winkler, Criscuolo & 
Lavietes (3) 

Thyroid.. ..j 

i 

Basal metabolic 
rate 

Man 

7.0 

38 

O.IS 
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than that described by Mdrch is desirable for routine assays. Standardization 
of thyroid by measuring the weight loss of rats is easily performed in relatively 
short time but a verj^ large number of animals is necessary for this method to be 
satisfactory. A^Tien allowance is made for the fact the asphyxiation test is a 
quantal response, the accuracj'' of the two methods is approximately the same. 

' Nevertheless, compared to the values listed by Bliss and Cattell (16), the precison 
of the asphyxiation test is of the same order as that of other assays based upon 
the all-or-none response. This test has the advantage that it involves a very 
simple technique although it may not be specific for the thyroid hormone. 

The weight loss following the injection of thyroxine was quite unexpected. 
The decrease in body weight reported by Gaddum (5) was later in onset than 
that found in our experiments and occurred in rats kept on a restricted food 
intake, whereas our animals ate and drank as they pleased. The weight loss 
obsen'ed by Gaddum may well have reflected the rise in metabolic rate. In the 
experiments reported here, it appears to be the result of a voluntary decrease in 
water consumption. The problem deserves further investigation. 

SUMMARY 

Two methods to measure thj^oid activity are described and compared with 
other bioassays of this hormone. 

One is a quantal response type of assay depending upon the decreased re- 
sistance to anoxia of mice treated with th5Toxine. The slope (b) for this pro- 
cedure was 3.53 ±0.76. 

The other is a graded response method based on the acute weight loss of rats 
during the 48 hours following the first of two injections of thyroxine. The 
standard deviation of this method was 4.4 and the slope of the log dose response 
curve was 9.1. The value for X was, therefore, 0.478. 

The acute, transient loss of weight is apparently due to a reduction of the 
water md food intake by the animals. It is not produced by injections of 
dii^otyrosine. Rats previously treated with thiouracil have a greater transient 
weight loss after the administration of thyroxine than have normal rats. 

Acknowledgement. The author takes pleasure in e.xpressing his thanks to 
pr. J. K. IV. Ferguson for his suggestions, advice and interest throughout this 
investigation. His thanks are also due to Mr. D. B. W. Reid for reviewing thq 
statistics of the data. 
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Meek, Hathaway and Orth (1) showed that arrhythmias frequentb’^ occurred 
in the dog’s heart under cyclopropane anesthesia following intravenous injections 
of epinephrine. Evans, Oster and Krantz (2) extended this obsen^ation to the 
Macacus rhesus monkey. Recently Krantz et al. (3) showed that the mj'o- 
cardium of the dog under cyclobutane anesthesia was sensitized to epinephrine. 

We became interested in e.xtending these studies to other hydrocarbons. It 
was believed that such a study might shed light on the types of structures re- 
sponsible for the cardiac sensitivitj'. 

Expesuiental phocedebe. Electrocardiograms, Lead II, were recorded from the un- 
anesthetized dogs. Epinephrine hydrochloride solution, 1 :100,000 (preserved with sodium 
bisulfite) was injected intravenously, 0.01 mgm./kgm. The injection was made during a 
period of 25 to 40 seconds. At the end of the injection (usually the beginning of the effect) 
another tracing was made. 

Each animal subsequently was permitted to breathe a mixture of the hydrocarbon in 
Varying concentrations mixed with oxygen. With the liquid hydrocarbons the concentra- 
tions were between 10 and 25 per cent. With the gaseous compounds concentrations from 
IS to 90 per cent were used. The closed circuit procedure was employed. When the inha- 
lation had continued for approximately' 10 minutes the foregoing experimental procedures 
were again carried out. 

Observations. In table 1 the obsenmtions made with various hydrocarbons 
are listed. 

Cardiac autoalaticity. The hydrocarbons in this series, with the exception 
of ethylene, sensitized the myocardium to epinephrine. In the dog, prior to 
anesthesia, epinephrine produced slowing of the cardiac rate, accentuation of the 
T-wave and an occasional inversion of the QRS comple.x. Under the influence of 
the hydrocarbons, however, multifocal ventricular tachj'cardia occurred in 
nearly all experiments with epinephrine. In some animals this passed into 
ventricular fibrillation and caused death. 

Under ethylene anesthesia in 12 dogs we observed the control response of the 
heart to epinephrine. In this series ethylene alone appears to be unique in this 
respect. We attempted repeatedly' to induce my'ocardial sensitization to epi- 
nephrine by increasing the concentration of ethy'Iene inhaled and prolonging the 
exposure to the hy'drocarbon. These efforts were unsuccessful. However, 
e.xposure to ethane produced cardiac sensitization in 2 of 4 animals. 

* The expense of this inx-cstigation was defrayed in part by a grant from The Ohio Chemi- 
cal A- Mfg. Co., Cleveland, Ohio. 
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To obviate the factor of animal variation epinephrine was injected into a dog 
under ethylene anesthesia and two hours later the same dog was treated with 
epinephrine under cj'^clopropane anesthesia. The results are shown in figure 1. 

In these studies 12 dogs were used with eth3dene and 2 to 5 with each of the 
other agents. Ventricular fibrillation occurred in 5 of 20 dogs in Orth’s (5) 
series with cyclopropane. In our series of 34 dogs, e.\clusive of those used with 
ethylene, ventricular fibrillation occurred 19 times after epinephrine injections. 
Fibrillation occurred in each dog under isobutane, cfs-trans butene-2, propjdene 
and cyclobutene, respectively. 

Character of the anesthesia. Stroughton and Lamson (6) studied the 
anesthetic properties of butane and isobutane. They reported the agents un- 
satisfactorj’' based upon their observations in dogs. We confirmed these findings. 
In this series of hydrocarbons only eyclobutane and cyclobutene produce a satis- 
factory anesthetic syndrome. 

Discussion. Stutzman et al. (7) produced evidence to show that cyclo- 
propane sensitizes the heart of the dog reflexdy to epinephrine. The receptors 


TABLE 1 


1 

NAWE OP COUPOUVD j 

NUMBER DOCS IN WRICH 
SENSITIEATIOV OP 
UYOCARDIUK OCCURRED 1 
AND NUMBER USED 

NAME or COMPOUKO 

NUMBER DOCS IN' WHIOt 
SENSirKATIOV OP 
MYOCARDIUM OCCURRED 
AND NUMBER USED 

Ethane 

2/4 

Cis-tran8-butenD-2 


Ethylene 

0/12 

Cyclobutenc 

5/5 

Propane 

3/3 

Cyclobutane 

- 2/2 

Propylene 

2/2 

Cyclopcntane 

2/3 

n-Butane 

2/2 

Isopentane 

3/3 

Idobutanc 

2/2 

2, 2-Dimethyl -butane. 

3/3 


are distributed mainly throughout the peripheral 3 cm. of the mesentery. Nerve 
impulses pass by visceral afferent fibers through the celiac and superior mesenteric 
ple.vuses, splanchnics and spinal cord to a brain center above the pons. The ef- 
ferent impulses then reach the heart by ivay of the cardiac sympathetics and thus 
the irritability of the myocardium is increased. 

It is striking that the sensitization is evoked by this entire series of hydro- 
carbons but not by ethjdene. Levy (8) recognized in 1912 that certain anesthetic 
agents, particularly chloroform, might sensitize the heart to stimuli of various 
kinds so that tachycardia and fibrillation might result. 

We have observed that chloroform occasionally sensitizes the myocardium of 
the dog to epinephrine. Likewise Oster, Carr and Krantz (9) show'ed that 
anesthesia with vinjd chloride produced abnormalities in the QRS comple.\ var^'- 
ing from sinus arrhythmia to ventricular tachycardia, deep dowmward pro- 
longation of the S-wave and ventricular fibrillation in the dog. In contrast to 
the anesthesia with these hydrocarbons and certain of their halogenated deriva- 
tives, anesthesia with 8 different sjunmetrical and unsymmetrical ethers did not 
produce cardiac arrhj'thmias or sensitization (10). 
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Chenowetli (4) studied the sensitization of the myocardium to epinephrine 
when animals were exposed to vapors of various hj'drocarbons including gasoline. 




I 

I 

I 

■ 

. V ^ W/ w / ^ / w 
I 





^ ^ Electrocardiogram of dog, Lead 11, after epinephrine b Same as “a** under 
etnjienc anesthesia c Same as “a*' under cyclopropane anesthesia 

In this series he observed that along with other aliphatic and aromatic hydro- 
carbon<5, methane and n-butane caused sensitization of the heart. Later Garb 


318 


J. C. KRANTZ, JR., C. J. CARR, .AND J. F. VITCH.A 


and Chenoweth (11) suggested from their studies on the isolated heart and on 
papillarj'’ muscle preparations that ventricular fibrillation is initiated when an 
area of myocardium containing a slightly higher concentration of hydrocarbon 
than the remainder of thelieart fails to respond to a QRS stimulus, but does 
respond to the following T-wave. 

Com’ulsive seizures are apparently not a factor since the arrhythmias are 
produced' as readily under cyclobutene w'hich evokes deep anesthesia and e.\cel- 
lent relaxation as under cfs-trans butene-2, which produces a stormy anesthetic 
syndrome. 


CONCLUSIONS 

1. The inhalation of ethylene does not sensitize the dog’s myocardium to 
epinephrine. 

2. The inhalation of 12 other hydrocarbons reported in this paper produces 
sensitization. 

3. Cj’clobutane and cyclobutene produce excellent anesthetic syndromes in 
the dog. The other hydrocarbons studied are unsatisfactory anesthetic agents 
in the dog. 
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The production of ventricular premature contractions, ventricular tachj'cardia, 
and ventricular fibrillation bj’ epinephrine during exposure to chloroform, 
benzol, cyclopropane, and other agents has been frequentlj’^ demonstrated (1, 2). 
The mechanism is not j'et understood; it has recentls' been shot™ that hydro- 
carbons -which are capable of “sensitizing” the heart to epinephrine do not 
increase the excitability of isolated cardiac tissue, but ma 3 ' actually increase the 
threshold for electrical stimulation (3). The elevation of pressure produced bj' 
epinephrine has been considered to plaj' a prominent role, since Rothberger and 
Winterberg (4) have shomi that a meehanicallj- induced pressure rise (aortic 
occlusion) maj" cause the appearance of ventricular premature contractions and 
a bigeminal rj-hthm, particularlj' if vagal inhibition of the sinus node is not 
prevented. Ventricular irregularities resulting from large dosesof epinephrine in 
rabbits under barbital anesthesia can be prevented bj' use of a pressure stabilizer 
(5). Shen (6), postulating that the rise of arterial pressure produced by epi- 
nephrine was responsible for the ventricular arrhjThmias induced in the heart 
sensitized bj’ chloroform, studied the effect of 933 F and jmhimbine, agents which 
inhibit or reverse the pressor effect of epinephrine. In accordance -u-ith his 
theorj', prevention of the pressure rise protected the heart against epinephrine- 
chloroform fibrillation. The possibilitj' that the protective action of these agents 
was related to a direct antagonism of the cardiac actions of epinephrine was, 
however, not excluded. Allen, Stutzman, and Aleek (7) found that ergotamine 
in doses too small to prevent the pressor response to epinephrine also afforded 
protection against idioventricular rhj'thms. They found that decerebration, 
cord section, or cardiac sjmpathetic denervation, which did not prevent the pres- 
sor response, prevented ventricular tachycardia or greatlj' reduced its duration 
even after several times the dose of epinephrine which was effective in control 
trials. Thej’ concluded that sjmpathetic impulses to the heart are important 
for the production of ventricular tachj-cardia, and that the action of cyclo- 
propane might be e.xplained at least in part bj' a central or reflex activation of 
sjmpathetic mechanisms. Recentlj' these workers have postulated a reflex 
mechanism whose afferent limb originates in the mesenterj' or intestine (8). 

Dibenamine also protects the heart against the cardiotoxic effects of cjxlo- 
propane and epinephrine (9). Although Dibenamine reverses the pressor action 

' Supported by grants from tlic Life Insurance Medical Research Fund and from the 
Horace H. Rachham Foundation of the University of Michigan. 

* Present address Fordham Hospital, New A'ork City. 
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of epineplirine, Acheson, Farah, and French (10) found that it does not interfere 
with the positive chronotropic and inotropic effects of epinephrine on the dog 
heart. Since Dibenamine does not block these specific cardiac actions of epi- 
nephrine, it appeared likely that the protection against ectopic rhythms might be 
related to its ability to prevent the pressor response. The following series of 
experiments were planned to determine the validity of this l^'pothesis, and also 
to assay the general importance of arterial pressure in the induction of idio- 
ventricular activity with epinephrine. 

Methods. Dogs ranging in weight from 8 kgm. to 16 kgm. were used in 40 acute e.xperi- 
ments. Anesthesia was on occasion induced and maintained througliout with 20 to 33 per 
cent cj'clopropane in o.xj’gen administered from a clinical anesthesia apparatus; more fre- 
quently narcosis was induced with pentothal, and the necessarj’ operative procedures were 
carried out before offering the cyclopropane-oxygen mixture. The closed system was 
flushed out frequently with the gas mixture in order to maintain a reasonably constant 
anesthetic concentration. 

Blood pressure was recorded with a mercury manometer attached to a carotid artery. 
The electrocardiograms were taken with leads clipped into the subcutaneous tissue of the 
neck and the left groin, using a “Cardiotron” direct-writing instrument. 

In some experiments the chest was opened and the aorta e.xposed for intermittent clamp- 
ing. In others a pressure-regulator was attached to the abdominal aorta. The pressure- 
regulator was constructed from a one-liter graduated cylinder, enclosed in a glass jacket 
through which water at 3S°C. was circulated. The air in the cylinder communicated with 
a mercury manometer and with two large carboys of a total volume of 36 liters. The blood 
in the chamber communicated with the abdominal aorta through two cannulas: one from 
the bottom of the vessel was directed toward the heart; the other, opening about 10 cm. 
above the bottom of the vessel, was directed peripherally, thus permitting circulation to 
the legs and also insuring continuous replacement of blood in the reservoir. To prevent 
clotting heparin was administered by continuous infusion, and surfaces exposed to blood 
were coated with Dow Corning ‘‘200 Fluid” silicone. The regulator could be clamped off 
at will. When open, the instrument compensated for depressor or pressor reactions in the 
animal by infusing or taking up blood. In some e.xperimcnts the regulator was used to pro- 
duce a sudden increase or decrease of aortic pressure; in others it was used to set the aortic 
pressure at various levels in order to compare the responses to epinephrine at different 
pressures. 

Heart-lung preparations were performed according to standard procedures on dogs anes- 
thetized with sodium pentobarbital. In these experiments a fixed resistance (scrcw-clamp) 
was frequently substituted for the customary Starling resistance. Cyclopropane was intro- 
duced as desired in concentrations of 33 to 50 per cent. 

Epinephrine was alwaj’s injected rapidly; the method recommended by Meek, of inject- 
ing 0.01 mgm./kgm. over a period of 50 seconds, could not be used, since it was necessary 
to determine a threshold dose, and since it was desired to produce ventricular tachycardia 
several times in the same experiment. To eliminate the danger of ventricular fibrillation, 
the initial dose was small, usually 0.5 microgram/kgm. or less; increasing doses were then 
injected until tachycardia was produced. 

Results. The aclion of dibenamine and a-naplhylmelhylcthyl-0-hromoethyl- 
amine {SY-2S). We have been able to confirm the results of Nickerson and 
Smith (9) and of Acheson, Farah, and French (10) that Dibenamine in doses of 
15 to 20 mgm./kgm. regularli' protects the dog heart against epinephrine and 
cyclopropane. We have made no attempt to determine quantitative relation- 
ships, but doses of epinephrine -vvliich repeatedly caused ventricular tachj’cardia 
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in the control period aiways failed to do so after Dibenamine, and doses 2 to 4 
times the initial test dose were tolerated ii-ithout 'arrhythmia. The doses of 
Dibenamine which were used converted the pressor action of epinephrine to a 
predominantly depressor effect. 

Alpha-naphthylmethylethyl-j3-bromoethylamine, a more potent homologue of 
Dibenamine (11), also reverses the pressor action of epinephrine and protects the 
heart against ventricular tachycardia in doses of 1 mgm./kgm. The data below 
apply to both drugs. 

■In order to demonstrate that the protective action of these drugs is due to 
their ability to “reverse” the blood pressure response to epinephrine, experiments 
were conducted with the following order of procedure: (1) control threshold dose 
of epinephrine causing tachycardia (2) injection of the anti-epinephrine drug (3) 



^ * A 

DIB. CLAMP CLAMP 


Fig. 1. Exp. 8-27-47. Dog 12 kgm. Cvclopbopane-oxtgen, .Artificiae Respiration, 

Chest Open 

EiftinK ligature under aortic arch. Tracings from top to bottom; arterial pressure (scale 
at left), signal, time in 10 sec. Arrows indicate time at which ECG records taken. Epi = 
epinephrine, dose in raicrograms per kgm. Between B and C, Dibenamine 15 mgm./kgm. 
followed by 30 minute interval. At “clamp", aorta occluded. ECG segments, 3 seconds 

repetition of the control test dose of epinephrine, or larger doses (4) temporary 
mechanical elevation of pressure, either by compression of the aorta or by elevation 
of the pressure in the regulator and (5) injeetion of the test dose of epinephrine 
followed within 5 seconds bj' mechanical elevation of the pressure. 

Typical results are illustrated in fig. 1. Epinephrine, 0.5 microgram/kgm., 
caused a bigeminal rhythm; twice this dose caused a multifocal tachycardia. 
After Dibenamine, epinephrine failed to disturb the normal sinus rhythm; 
elevation of pressure alone (induced by aortic clamping) was also without effect; 
but aortic clamping shortly after the injection of epinephrine produced the 
characteristic ventricular rhythm. Xormal rhythm was restored by releasing 
the clamp, and tachycardia was again produced by a second brief period of 
aortic occlusion. 
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' Similar results were obtained when the elevation of pressure was accomplished 
with the aid of the pressure-regulator. In such experiments it was evident that 
a sudden rise of pressure is not necessary for the production of ectopic rhythms. 
For example, in one experiment, 1 microgram/kgm. of epinephrine produced 
ventricular tachycardia in the control period, while 8 micrograms/kgm. failed to 
do so after 1 mgm./kgm. of SY-28. The pressure was then set above the level 
at which the tachycardia occurred with the control test dose of epinephrine and 
the regulator was kept open. Epinephrine, 1 microgram/kgm., again-caused 
ventricular tachycardia without any further significant change of pressure. As 
in the experiments with aortic occlusion, tachycardia once produced could 
always be terminated by reducing the pressure. 

The protective action of Dibenamine was demonstrated twenty-four hours 
after administration of the drug in one experiment; mechanical elevation of the 
pressure restored the characteristic arrhythmic response to epinephrine as in 
acute e.xperiments. 

The relation of pressure to effective dose of epinephrine. Since it is evident that 
Dibenamine protects the heart at least in part because it prevents the pressor 
action of epinephrine, it must follow that any other means of prev-enting the 
pressor response would also prevent the ectopic rhythms. This hypothesis was 
tested in e.xperiments with the pressure-regulator. Responses to epinephrine 
were studied during control trials with the regulator, e.xcluded and compared with 
the responses obtained with the regulator open. Epinephrine was injected in 
ascending doses until ventricular tachycardia of significant duration was pro- 
duced (doses ranging from 0.5 to 4.0 micrograms/kgm.). The pressure regulator 
was then opened at the prevailing pressure of the dog, and the effective test dose 
of epinephrine was repeated. Arterial pressure rose no more than 5 or 10 mm. 
Hg, and ventricular tachycardia was never observed. Epinephrine was then 
injected in increasing doses (increments of 100 per cent); in one experiment 
ventricular tachycardia occurred with 4 times the dose effective in the control 
period; in others as much as 16 micrograms/kgm. (8 times the control dose) were 
tolerated without ectopic rhythm. At intervals the initial test dose was repeated 
with the regulator excluded in order to be sure there was no progressive change 
in the sensitivity of the heart. 

Figure 2 illustrates a typical e.xperiment. Ascending doses of epinephrine 
were injected with the pressure-regulator excluded; ventricular tachycardia was 
produced by 4 micrograms/kgm. (part A). With thepressure-regulator open, 16 
micrograms/kgm. failed to alter arterial pressure significantly and also failed to 
disturb the sinus rhjihm (part B). The test dose of 4 micrograms was repeated 
in C and again, after atropinization, in part D, with resultant ventricular tachy- 
cardia in each case. 

Preventing a pressor response to epinephrine does not offer complete pro- 
tection, as illustrated in figure 3. In this dog, 1 microgram ■'kgm. did not disturb 
the normal rhythm, but 2 micrograms/kgm. caused ventricular tach 3 -cardia with 
the pres.sure-regulator closed. With the regulator open at 100 mm. Hg, and 
again at 120 mm., the latter dose failed to cause any disturbance of rhythm, but 
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4 16 4 i4 GAMMA PER KG. 

OFF ON OFF I OFF 

Fig. 2. Exp. 9-12-47. Dog 15 kgm. Ctclopropake-oxygex 

Pressure regulator in abdominal aorta . Tracings as in 6gure 1. Figures indicate dosage 
of epinephrine. “Off” and “on” indicate pressure regulator closed or open. ECG segments, 
3 seconds. 


GAMfdA PER KG. 


PRESSURE altered 


Fig. 3. Exp. 9-24—17. Dog 12.3 kgm. Ctci.oprop.\xe-oxygex 

Pressure regulator in abdominal aorta. Tracings as in figure 1. Figures at bottom; 
dosage of epinephrine. “Off” and “on”, pressure regulator closed or open. Alterations 
of pressure accomplished by means of pressure regulator. Bracket in ECG segment A = 1 


at 140 mm., the same dose caused a severe ventricular tachycardia which was 
terminated by dropping the pressure in the system. 

The relationship between pressure and threshold dose is illustrated in figure 4. 
The responses of this animal were particularly stable; it was possible to return to 
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the original pressure and effective dose several times during a rather long experi- 
ment. Pressure was altered above or below the original level, without any 
orderly sequence, and the threshold dose determined at each setting. In the 
range between 80 and 160 mm. Hg, the threshold dose of epinephrine was reduced 
by half with each 20 mm. elevation of pressure. 

It is obvious from these experiments that the level of arterial pressure is one 
of the important factors determining the sensitivity of the heart to epinephrine. 

The role of reflex mechanisms. When epinephrine causes an elevation of 
arterial pressure in the intact animal, carotid and aortic reflexes will increase 
vagal tone and reduce sympathetic tone to the heart. Ventricular premature 
contractions produced by clamping the aorta will often fail to appear if the vagi 
are cut, since the sinus node then retains control over the ventricle. It seems 



ARTERIAL PRESSURE, MM. HG 

Fio. 4 . Exp. 10 - 21 - 47 . Doa 8 kgm. CrcLOPKOPANE-oxYOEN 

Pressure regulator in abdominal aorta. Relation between dose of epinephrine and arterial 
pressure necessary to produce ventricular tachycardia. 

possible, then, that prevention of the pressor response to epinephrine might 
protect the heart by preventing such cardiodecelerator reflexes. In several 
e.xperiments atropine or tetraethylammonium or both were administered in 
order to test the importance of reflex compensatory mechanisms. 

Atropine in doses up to 0.5 mgm./kgm. failed to protect the heart, as illustrated 
in the last segment of figure 2. This is in accord with previous observations. 
Tetraethylammonium, which would be expected to block both vagal and sympa- 
thetic impulses to the heart, also failed to alter significantly the threshold dose 
of epinephrine. A typical result is illustrated in figure 5. In this e.vperiment 1.0 
microgram/kgm. ' eminnl rhythm, and 1.5 caused ventricular tach}"- 

cardia during thf . During the infusion of tetraethylammonium, 

the same resp . same doses of epinephrine. Ergotamine, how- 
ever, in ad . cted the heart against 4 times the previ- 
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ously effective dose of epinephrine, even though it did not prevent a pressor 
response. 

It is apparent, then, that the effect of pressure is exerted on the myocardium 
directly; refle.x adjustments do not play an essential role. It is further evident 
that ergotamine, which can protect the heart in doses which cause no “epi- 
nephrine reversal,” may interfere with the direct myocardial action of epi- 
nephrine. 

Yentricular arrhythmias in the heart-lung preparation. Since functional 
“denervation” of the heart with the aid of tetraethylammonium does not protect 
against ventricular rhjdhms, it should be possible to produce this characteristic 
response to epinephrine and cj'clopropane in the isolated heart. The following 
points were studied in four dog heart -lung preparations : (1) the effect of elevating 
arterial pressure in the absence of cyclopropane and epinephrine (2) the effect of 



to 15 1 10 15 T 6.0 

EPINEPHRINE, GAMMA PER KG | 

L — T.E.A. INFUSION, 20 MG/KG/HR ERGOTAMINE 

QI6 mg/kg. 

Fig. 5. Exp. lO-S-17. Dog15.2kcm. Te.wixgs.\s in Figcre 1. Biucket in ECG Segsiext 

A = 1 Second 


pressure elevation in the presence of epinephrine but Avithout cyclopropane (3) 
the effect of pressure elevation with cyclopropane, and (4) the effect of epi- 
nephrine with or without a rise of pressure, in the presence of cyclopropane. 

In confirmation of Rothberger and Winterberg (4) it was found that a sudden 
elevation of pressure may provoke a bigeminal rhythm in the untreated heart; 
gradual or step-wise elevation to even greater levels was usually without such 
action. WTien pressure was suddenly raised to high levels immediatelj’ after the 
injection of epinephrine (0.02 mgm. total), no ventricular premature contractions 
resulted, probably because the accelerated sinus node retained control and pre- 
vented the appearance of ectopic ventricular actriity. One may conclude that 
the combination of reasonable doses of epinephrine and feasible levels of arterial 
pres.=ure will not disorganize cardiac rhj'thms; some contributory action by the 
hydrocarbon is essential for the appearance of ectopic foci. 

In the presence of cyelopropanc, elevation of pressure alone caused only 
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the original pressure and effective dose several times during a rather long experi- 
ment. Pressure was altered above or below the original level, without anj' 
orderly sequence, and the threshold dose determined at each setting. In the 
range between 80 and 160 mm. Hg, the threshold dose of epinephrine was reduced 
by half with each 20 mm. elevation of pressure. 

It is obvious from these e-xperiments that the level of arterial pressure is one 
of the important factors determining the sensitivity of the heart to epinephrine. 

The role of reflex mechanisms. tVhen epinephrine causes an elevation of 
arterial pressure in the intact animal, carotid and aortic refle-ves will increase 
v'agal tone and reduce sympathetic tone to the heart. Ventricular premature 
contractions produced bj*' clamping the aorta will often fail to appear if the vagi 
are cut, since the sinus node then retains control over the ventricle. It seems 



ARTERIAL PRESSURE, MM. HG 

Fig. 4. Exp. 10-21-47. Doc 8 kg.v. CycLOPROP.vNE-oxYGEN 

Pressure regulator in abdominal aorta. Relation between dose of epinephrine and arterial 
pressure necessary to produce ventricular tachycardia. 

possible, then, that prevention of the pressor response to epinephrine might 
protect the heart by preventing such cardiodecelerator refle.xes. In several 
e.vperiments atropine or tetraethylammonium or both were administered in 
order to test the importance of reflex compensatory mechanisms. 

Atropine in doses up to 0.5 mgm./kgm. failed to protect the heart, as illustrated 
in the last segment of figure 2. This is in accord with previous observations. 
Tetraethylammonium, which would be expected to block both vagal and sympa- 
thetic impulses to the heart, also failed to alter significantly the threshold dose 
of epinephrine. A tiTrical result is illustrated in figure 5. In this e.xpcriment 1.0 
microgram/kgm. caused a bigeminal rhythm, and 1.5 caused ventricular tachy- 
cardia during the control period. During the infusion of tetraethylammonium, 
the same responses followed the same doses of epinephrine. Ergotamine, how- 
ever, in a dose of O.IG mgm./kgm., protected the heart against 4 times the previ- 
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ously effective dose of epinephrine, even though it did not prevent a pressor 
response. 

It is apparent, then, that the effect of pressure is exerted on the myocardium 
directly; reflex adjustments do not play an essential role. It is further evident 
that ergotamine, which can protect the heart in doses which cause no “epi- 
nephrine reversal,” may interfere with the direct myocardial action of epi- 
nephrine. 

Ventricular arrhythmias in the heart-lung preparation. Since functional 
■■■'denervation” of the heart with the aid of tetraethyiammonium does not protect 
against ventricular rhythms, it should be possible to produce this characteristic 
response to epinephrine and cyclopropane in the isolated heart. The folloiring 
points were studied in four dog heart-lung preparations: (1) the effect of elevating 
arterial pressure in the absence of cyclopropane and epinephrine (2) the effect of 
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pressure elevation in the presence of epinephrine but Avithout cyclopropane (3) 
the effect of pressure elevation with cyclopropane, and (4) the effect of epi- 
nephrine i\ith or without a rise of pressure, in the presence of cyclopropane. 

In confirmation of Rothbcrger and Winterberg (4) it was found that a sudden 
deration of pressure may provoke a bigeminal rhythm in the untreated heart; 
gradual or step-wise elevation to even greater levels was usually without such 
action, ^\^\en pressure was suddenly raised to high levels immediately after the 
injection of epinephrine (0.02 mgm. total), no ventricular premature contractions 
resulted, probably because the accelerated sinus node retained control and pre- 
vente the appearance of ectopic ventricular activity. One may conclude that 
the combination of reasonable doses of epinephrine and feasible levels of arterial 
prcAsiiro will not di.'^organizc cardiac rhythms; some contributorj- action bv the 
hydrocarbon is c.^.-^ential for the appearance of ectopic foci. 

In the prc.-encc of cyclopropane, elevation of pressure alone caused only 
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occasional ventricular premature contractions, but in contrast to experiments 
without cyclopropane, a pressure rise produced a few seconds after the injection 
of small doses of epinephrine produced multifocal ventricular premature con- 
tractions or frank ventricular tachycardia. Bj' substituting a screw clamp lor 
the customary Starling resistance and inducing a moderate degree of failure, 
epinephrine can be made to produce a great elevation of arterial pressure, by 
virtue of a great increase of cardiac output ejected against the fixed resistance. 
AtTien the Starling resistance is used, the change of arterial pressure is, of course, 
minimal. In one such e.\-periment epinephrine in a total dose of 0.06 mgm. 
failed to cause ventricular irregularities with the Starling resistance in place, 
while 0.02 mgm. injected after the substitution of the fixed resistance caused a 
prolonged elevation of pressure and a long period of ventricular tachycardia. 

IMiile it is not possible to compare directly the effective doses of epinephrine in 
the heart-lung preparation with those used in the intact animal, it is probable 
that a total dose of 0.02 mgm. in the former is roughly comparable to the same 
dose in the latter, in spite of the restricted mass of tissue and blood in the isolated 
organ; for a dose quickly injected into the venous blood stream will reach the 
heart in a concentration which depends upon the speed of injection and the 
cardiac output, not upon the total mass of tissue in the sj'stem. It is apparent, 
then, that the isolated heart, separated from any possible reflex phenomena, 
retains a sensitivity to the combination of epinephrine, cyclopropane, and pressure. 

Discussion. It is postulated b5' Meek and co-workers that ventricular 
fibrillation occurring under cyclopropane is due in part to reflex activation of the 
S3-mpathetic innervation of the heart, the afferent limb of the reflex originating 
apparentlj' in the mesentery or intestine (8). Interruption of the afferent path- 
waj's, surgical excision of thoracic sjanpathetic ganglia, or administration of 
ergotamine protect the heart. Interruption of autonomic pathwaj's bj' means of 
tetraethjdammonium does not in our experience alter the threshold dose of epi- 
nephrine significantlj'; it is possible, then, that there are efferent nerves to the 
heart involved in this mechanism which can be interrupted by surgical deneia'a- 
tion, but not bj' infusion of tetraethj’lammonium; for example, nonganglionated 
paths. There is no evidence for such a hj^iothesis, and none against it. 

Ectopic rh 3 dhms, however, can also be produced b 3 ’’ epinephrine in the heart- 
lung preparation e.xposed to c 3 'elopropane. Wiile there ma 3 ’’ be a quantitative 
difference in the dosage required, 3 'et it is apparent that a direct action exists. 
It must be admitted that we have not produced ventricular fibrillation in such an 
experiment; the possibilit 3 '’ remains that an intact reflex pathwa 3 ’ is essential for 
the lethal arrlytlunia to occur. 

Ergotamine protects the heart in doses which do not reverse the pressor action 
of epinephrine; this observation is confirmed b 3 ' our onm experiments. Dibcn- 
amine protects against ventricular fibrillation, but not ventricular tacln'cardia. 
in cats exposed to epinephrine and various h 3 -drocarbons (3), even in doses which 
fail to alter the pressor action of epinephrine. In our e.xperiments we ha'C 
shown that protection .against tach3'cardia is related to the nbilit3’ of Dibenaminc 
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to “reverse” the pressor action of epinephrine, but again it must be admitted 
that we have mt produced fibrillation in dogs so protected. 

An explanation harmonious with the results of other laboratories is possible; 
Dibenamine protects against ventricular tachycardia by virtue of its ability to 
prevent the pressor response to epinephrine, but in addition, and in spite of its 
apparent lack of antagonism to the cardiac actions of epinephrine, it may be 
capable of preventing the development of fibrillation by virtue of its quinidine-like 
action (10), or some as yet unknown action upon the heart. 

SUMSIART 

__1. Dibenamine and a-naphthyhnethylethyl-jS-bromoethylamine reverse the 
pressor action of epinephrine in dogs and protect against the induction of idio- 
ventricular rhythms under cyclopropane. 

2. Idioventricular rhythms (but possibly not ventricular fibrillation) can still 
be induced by epinephrine after^Dibenamine if arterial pressure is mechanically 
elevated. 

3. Prevention of a pressor response to epinephrine by means of a pressure 
regulator also protects markedly, but not completely, against the appearance of 
idioventricular activity. 

4. There is a quantitative relationship between the level of arterial pressure 
and the threshold dose of epinephrine required to induce ventricular ectopic 
rhythms. 

5. Atropine and tetraethylammonium offer no significant protection, although 
ergotamine does. 

6. Sudden elevation of pressure in the denervated heart-lung preparation may 
cause ventricular premature contractions (bigeminal rhythm). 

7. Epinephrine (in the absence of cyclopropane) prevents the bigeminal 
rhythm induced by pressure elevation in the heart-lung preparation. 

8. Epinephrine plus a sufficient rise of pressure will induce multifocal ventricu- 
lar discharges, but possibly not fibrillation, in the heart-lung preparation exposed 
to cyclopropane. 
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For the screening and comparative assay of analgesics, the heat stimulus test 
of Hardy & Wolff (1) as adapted to various animals such as the rat (2, 3, 4), dog 
(5), and guinea pig (6) has given reliable results. All methods now used require 
large groups of animals because of the variability of individual responses. They 
also necessitate laborious experimental effort and calculations so that the develop- 
ment of a rapid and statistically consistent method would be useful. The 
method described below has been devised for this purpose. It has been tried 
with well-known analgesics as well as with new drugs. 


Matebiai AND Methods. Material. Two groups of male albino rats of the same strain 
were used, one group containing small rats (weighing 160 to 210 grams), and the other com- 
prised of large rata (weighing 210 to 310 grams). Rata were maintained throughout the ex- 
periment on a diet of Purina Laboratory Chow. 

Morphine sulphate and codeine sulphate (U.S.P. powder), merperidine hydrochloride, 
dl-Methadon (B) (amidone hydrochloride J. T. Baker— M.P.: 233.4-234'’C. corr.),* dl- 
Methadon (W) (Winthrop — M.P: 230.S-232.9°C. corr.), 1-Methadon, d-Methadon, 1-Iso- 
methadon (442C47), ketobemidone (Win. I.G. 10720),* and aminopyrine were used in water 
solutions in concentrations varying from 1:100 to 1:1000. Of interest is the relationship 
between the following structural formulas: 
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CH, CH, 


Ketobemidone Merperidine 


* dl-Methadon (B) was supplied by J. T. Baker Co., Philipsburg, New Jersey. 

* dl-Methadon (W), 1-JIothadon, d-Methadon, l-Isomethadon, Ketobemidone have been 
available through the courtesy of Winthrop Co. 
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Acetylsalicylic acid was used either in suspension in water with 2 per cent acacia, or dis- 
solved in water by the addition of NaHCOj until a pH of 6.7 to 6.8 was reached. 

Apparatus. The radiant heat apparatus of Ercoli and Lewis was used with the following 
additions: a thermocouple’ to cheek that the temperature is constant, an insulated box en- 
closing the unit to maintain constant temperature, a mirror for a clearer view of the rat’s 
back, an automatic device to start the timer with the opening of the shutter, and a bell 
alarm to signal completion of exposure time. Figure 1 is a diagrammatic drawing of the 
apparatus (sectional elevation). 

Procedure. An area on the rat’s back was shaved and the skin darkened with lamp blaek 
in preparation for exposure to the heat stimulus. In more recent experiments, however, a 
dull black brushing lacquer’ was substituted successfully; this is clean, dries rapidly and 
does not cause irritation. The temperature of the radiant heat applied to the animal’s skin 



Fia. 1. Diagrammatic Drawing op Radiant Heat Apparatus 

(Sectional elevation with side panel removed.) A — Silver reflector; B — Connection to 
variac & voltmeter; C — 1000 watt bulb: D — ^Lens; B — Shutter; F — Pulley for shutter; G — 
Contact which starts timer automatically when shutter is in open position: H — Connections 
to timer; I — Mirror to view muscle twitch of rat’s back; J— Support for lucite; K — Lucite 
with aperture at focal point; L — Lucite top; M — ^Thermocouple. 

was kept constant throughout the experiments as proved by a periodical checking. The 
intensity of heat stimulus was expressed in degrees centigrade (7) as read on the thermo- 
couple instead of gm. cal./see./cm.’ delivered to the irradiated area (1). 

Following Ercoli’s (2) suggestion, the muscle twitch was used as the criterion of pain 
reaction. In addition, for the study of the analgesic effects of the antipyretics the flight 
reaction was used as the end point (2). The proportion of animals which failed to respond 
to the same intensity' and duration of the painful stimulus was determined before and after 
the administration of analgesics. 

Results. The results are described in two sections. Section I deals with 
preliminary experiments concerning the choice of the animals, the intensity of 

’ This instrument was kindly devised by Dr. Richard Barry. 

‘ Personal communication with Dr. Carl Pfeiffer. 
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heat stimulus and the length of exposure time for the best conditions of experi- 
mentation. Section H describes the application of the method to various anal- 
gesics. 

L Preliminary experiments. One hundred and ninety-two small, rats (weight 
150-210 grams) were used. Without medication, the skin was exposed to a 
constant intensity of heat expressed as 69°C., and the reaction time of each animal 
was recorded. Individual responses varied from two to ten seconds and results 
showed a normal frequency distribution, the mean of which was between three 
and four seconds, whereas it was much higher (six to eight seconds) in the case 
of seventy-two large rats (weight 210-310 grams). Therefore, only small rats 
were selected for our procedure. 

Comparison of the reaction to three different intensities of heat, 62°C., 66°C., 
and 69°C., was made on a group of small rats before medication. Figure 2 shows 



Fio. 2. Fhequenct Distribctton of Untbeated Rats to Different Heat Stimoli 

the relationship of exposure time to the percentage of rats which responded to 
these various heat stimuli. It was found that 94 per cent of the rats reacted to 
a heat stimulus of GQ^C. at an eight seconds exposure or less, 81 per cent reacted 
at 62°C. at eight seconds, and 35 per cent reacted at 62°C. with si.x seconds 
exposure. 

In order to evaluate the statistical accuracy of the procedure using 69°C. and 
eight seconds exposure, three well-known analgesics (morphine, codeine and 
meiperidine) were tested. Data were compared with results obtained using 
62°C. with six seconds exposure and 62“C. with eight seconds exposure. 

The standard error of E.D. 50 was estimated graphically according to Miller 
and Tainter (8). The goodness of fit was evaluated by the X’ test according to 
the recent graphic simplified method of Wilcoxon and Litchfield (9).' The 

‘ Wo are indebted to Dr. J. T. Litchfield for his unpublished paper. Copies are available 
from American Cyanamid Co., Stamford, Conn. 




ANALGESIC ACTTSTTr^OP METHADON ISOMERS 


331 


inherent precision as described by Bliss and Cattell (10) was computed in terms 
of: 1 — standard deidation of the logarithms of the individual effective doses (X) 
(Gaddum) (11), 2— slope of the curve (b == l/X) (11, 12), 3— probability factor 
(P) (13). Results are summarized in table I. The method using sk seconds 
e.vposure at 62°C. is the most sensitive as proved by a smaller E.D. 50. It is, 
however, the least accurate. The inherent precision (10) favors somewhat the 
stimulus of eight seconds at 62°C. The eight seconds exposure at a temperature 
of 69®C., however, is more convenient and rapid inasmuch as it makes possible 
the use of most of the animals submitted to experimentation without the need 
of rejecting many of the less sensitive ones. For this reason it has been selected 
for rapid screening. If there are indications of low analgesic activity in the drugs 
tested, further investigation may be made nith 62°C. at six seconds exposure. 

II. Application of the method to various analgesics. For testing of analgesic 
actirity the'effect of an}' unknown was compared to morphine as a standard. 
Previous to the administration of analgesics all animals were tested at eight 
seconds exposure time and those which did not respond were rejected. Following 

TABLE I 


Degree of accuracy under different conditiorts of heat stimulus and exposure time 
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the administration of the drug, the rats were submitted to the same stimulus and 
the proportion of animals which were protected was recorded. For each drug 
three or more doses in logarithmic progression were used on at least sixteen rats 
for each dose. Both the unknown drug and the standard could be tested in less 
than one hour. 

1) Well-known analgesics. The method was applied to the well-known anal- 
gesics, codeine and merperidine, and compared to morphine. For establishment 
of the regression line, data were plotted on a Miller-Tainter graph paper (8). 
Figure 3 shows a linear relationship between the logarithm of the dose and the 
probit (13) of the rats which failed to react to the stimulus. The data on the 
observed precision are riiown in table II. 

Of interest is the fact that further testing of morphine and merperidine at the 
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“expected” E.D. 50 level gave the following results respectivelj-: E.D. 53 and 
E.D. 47. 

The duration of analgesia was estimated by determining the reaction to the 
test every half hour. Most drugs given at the E.D. 50 level showed a peak of 
action at thirty minutes (figure 4). The duration of analgesia, however, varied 
with the dose. 

2) Methadon isomers and ketobemidone. Because of the scanty and contra- 
dictory data available concerning methadon isomers and ketobemidone, the 
analgesic potency of these drugs was tested by the aboi-e method. Figure 3 
shows the dose response cun'es of these drugs. Table If compares their average 
effective doses with well-knomi analgesics. Figure 4 summarizes the ratio to 
morphine of these analgesics and the duration of their action. 

TABLE II 


Slatfstical cialualion oj the method at applied to methadon isomers and other analgesics 
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1 

*0.32 

.32 

3.1 

I-Isomethadon 

m 

1.0 

3.6 

*0.53 

.44 

2 2 

Ketobemidone (Win IG — 10720) 

123 

.07 

2 9 

±0,37 

.32 

3 1 


An illustration of the consistency of the method was the testing of two samples 
of dl-Methadon received from different sources. The E.D. 50 of dl-Methadon 
(W) ■nas 2.3 mgm./kgm. and that of dl-Methadon (B) 2,5 mgm./kgm. More- 
over, dose-effect curves were quite parallel (figure 3). 

3) Control. Tests n-ith saline were made at random without the operator’s 
knowledge. Analgesic effect Avas found in one out of every 60 rats only. 

4) Comparison with results of other methods. Table III shows the ratio to 
morphine of the analgesics studied by this procedure as compared with data 
available in the literature both in various animal species and human beings. 
Our results agree with clinical data. 

5) “Analgesic” activity of some antipyretic drugs. Data available in the 
literature concerning the “analgesic” effect of acetylsaficylic acid in laboratory 
animals are contradictory and sometimes unconvincing. The present method 
was applied to acetylsalicylic acid using different routes of administration 
and various vehicles. Results are summarized in table IF. Orally, both in sus- 
pension with 2 per cent acacia and in solution with NaHCOj at the 
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d^ge of 500 mgm. and 1000 mgm./kgm., acctylsalicjdic acid did not decrease 
the reaction to pain. 
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Inasmuch as these negative results might bo due to the route of administration, 
the drug was given intraperitonealij’ in solution with NaHCOj. No analgesic 
effect was observed even at the toxic dose level of 500 mgm./kgm. 

"WTien the more sensitive test (62°C. and six seconds exposure time) was used, 
however, it "was found that there was some activity by the oral route and a slight 
but significant effect (31 per cent) bj' the intraperitoneal route. Controls with 
saline showed no effect. 

Aminopyrine was not active until the toxic dose was reached when the muscle 
twitch was used as the end point. Wlien the flight reaction was used as the end 
point a clear-cut effect was observed which, however, was not proportional to 
the dose (see table '\''). This confirms the results of Ercoli et al. (2). 

Discussion. The apparatus used to project radiant heat is essentially the 
same as that described by Ercoli (2) and has been found very convenient. In 

TABLE III 


Ratio of activity of analgesici to morphine by various screening methods 
applied to different animal species 


DXUG 

HAT 

(Tins 

lom* 

00) 

>LAT 

MOOSE 



OITIKEA 

no 

MAM 

Morphine 



100 

100 

100 

100 

100 

Codeine 

IS 

14 (2) 


10(15) 



10 (1) 

Morperidino 

|g| 


16(21) 



20-25 (6) 

13.6 (17) 



16 (2, 21) 






dl-Methadon (B) 

120 




200 (14) 


150 (16) 

dl-Methadon (W) 

130 

130(24,25) 





200 (23) 

d-Methadon 

3 

<10 (24,25) 






1-MctIiadon 

2Sfl 

220(24,25) 





300 (16) 

l-Isomcthadon 

98 






150 (16) 

Kotoberaidone 

lot 

200 (14) 

« 






order to eliminate the effects of air currents on the heat intensity, the whole 
apparatus was totally enclosed in an asbestos insulated bo.x. Under these con- 
ditions, following a fifty-minute induction period, a constant temperature can 
be maintained at the e.\posure spot throughout the e.xperiment. Following 
Slaughter and Wright’s suggestions (7), the intensity of radiant heat was meas- 
ured in °C. by the use of a thermocouple. By means of a mirror installed in the 
box, the back of the rat could be viewed by reflected light, thereby reducing the 
glaring rays of direct light which blur the operator’s eyes in spite of the use of 
sunglasses. This device permits an unequivocal determination of the muscle 
tivitch. In addition, the synchronization of the shutter and timer increased 
the accuracy of the experiment. 

Previous methods using a heat stimulus have depended either upon the deter- 
mination of the intensity of heat applied at a constant time of exposure (1, 5, 6) 
or upon the determination of the reaction time with a constant intensity of heat 
(2, 3, 4). 
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Such methods, however, are liable to great inaccuracy because of the variabilitj^ 
of the responses of individual rats and necessitate the use of a larger group of 
animals. The present techmque takes advantage of the inter-individual vari- 
ation in sensitivity by taking into account the percentage of animals which react 

TABLE IV^ 


"Analgesic" aclimly of acelyUaUcylic acid 









jupipimdi 

DOSE 

vnnrLT. 

HXAxsmnrLrs 

»A1S 

Ttciro I ITT 


ZATS 

Swinl 


I. Oral route 


ntm./ 

ir». 

250 

500 

1000 

Acacia 

1 suspension 

•c. 

69 

3U. 

s 

j 

8 

8 

0 

0 

0 

0 

•c. 

62 

sec. 

6 

16 

16 

16 

1/16 

2/16 

1/16 

0 

0 

1/16 

250 

Sol. + NaHCO,' 

69 

8 

8 

0 

0 

62 

6 

16 

2/16 

2/16 

500 




8 

0 

0 



22 

1/22 

1/22 

1000 




8 

0 

0 



23 

4/23 

2/23 

0 

Saline 








24 

2/24 

0 


II. Intraperitoneal route 


125 

250 

500 

750 

Sol. + NaHCO, 

69 

8 

8 

16 

24 

16 

0 

1/16 

1/24 

1/16 

0 

0 

1/24 

1/16 

62 

6 

32 

32' 

32 

5/32 

6/32 

9/32 

0 

0 

1/32 

0 

Saline 








24 

1/24 

0/24 


TABLE V 


“Analgesic** activity of aminopyrine 
Oral administration 


DOST 

S£AT SmCUL^ 

KO. or KATS 
SXJZNTVINC 

KO. 

PZOTECirD 

ICOSCOIAX 

TWTTCflXKC 

rzoTzcxiU) 

7UCHT 

xsAcnos' 

DUZATIOK 
or AcnoK 

ICOXTALITT 


•c. 

sec. 




krs. 



69 

8 

16 

1/16 

7/16 

>2} 

0 


69 

8 

16 

1/16 

4/16 

>2} 

0 

250 

69 

8 

14 

1/14 

10/14 

>2i 

2/16 


69 

8 

22 

7/22 

12/22 

Si 

7/29 

750 

69 

8 

12 

4/12 

6/12 

Si 

14/26 


to a constant stimulus at different analgesic dose levels. The experimental data 
show that there is a linear relationship between the logarithm of the dose of the 
analgesic and the percentage of animals showing analgesic effect. An exception 
to this is aminopjTine. 















































334 


R. L. CADEN, H. J. EPSTEIN', AND C. 8. KREMENTZ 


Inasmuch as these negative results might be due to the route of administration, 
the drug was pven intraperitoncally in solution with NaHCOj. No analgesic 
effect was obserr'ed even at the to\ic dose level of 500 mgm./kgm. 

Wlien the more sensitive test (C2“C. and six seconds exposure time) was used, 
however, it was found that there was some activity by the oral route and a slight 
but significant effect (31 per cent) bj’ the intraperitoncal route. Controls with 
saline showed no effect. 

Aminopyrine was not active until the to.xic dose was reached when the muscle 
twitch was used as the end point. Wlien the flight reaction was used as the end 
point a clear-cut effect was obseiwed which, however, was not proportional to 
the dose (see table V). This confirms the results of Ercoli ct al. (2). 

Discussion. The apparatus used to project radiant heat is essentially the 
same as that described by Ercoli (2) and has been found verj’ convenient. In 

TABLE III 


Ratio of activity of analgesics to morphine by various screening methods 
applied to different animal species 


j 

Dittrc 1 

1 

WT ! 
(THIS 

uem* 1 
00) : 

tAT 

VOCS£ 

CAT 

DOO 

CTTDrCA 

nc 

VAN 

Morphine 

100 

100 

100 

100 

1 JOO 

100 

100 

Codeine 

12.5 

14 (2) 


10(15) 

1 


10 (1) 

Merperidine 

13. S 

40 (19) 

10(21) 



20-25 (0) 

13.0 (17) 



1 10 (2, 21) 






dl-Mothadon (B) 

120 

1 200 (14) 

200 (15) 


200 (14) 


150 (10) 

dl-Metlmdon (W) 

130 

130(24,25) 

i 

1 



200 (23) 

d-Mcthadon 

i 3 

<10(24,25) 






l-Mcthadon 

2S6 

220(24,25) 


1 



300 (16) 

l-Isomcthadon 

98 

100 (24) 





150 (16) 

Ketobemidone 

104 

200 (14) 

0 






order to eliminate the effects of air currents on the heat intensity, the whole 
apparatus was totally enclosed in an asbestos insulated box. Under these con- 
ditions, following a fifty-minute induction period, a constant temperature can 
be maintained at the e.xposurc spot throughout the c.xperiment. Following 
Slaughter and Wright’s suggestions (7), the intensity of radiant heat was meas- 
ured in “C. by the use of a thermocouple. By means of a mirror installed in the 
box, the back of the rat could be viewed by reflected light, thereby reducing the 
glaring rays of direct light which blur the operator’s eyes in spite of the use of 
sunglasses. This device permits an unequivocal determination of the muscle 
twitch. In addition, the S 3 mchronization of the shutter and timer increased 
the accuracy of the experiment. 

Previous methods using a heat stimulus have depended either upon the deter- 
mination of the intensity of heat applied at a constant time of exposure (1, 5, 6) 
or upon the determination of the reaction time ndth a constant intensity of heat 
(2, 3, 4). 
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Such methods, however, are liable to great inaccuracy because of the variabilitj' 
of the responses of individual rats and necessitate the use of a larger group of 
animals. The present technique takes advantage of the inter-individual vari- 
ation in sensitivity by taking into account the percentage of animals which react 


TABLE IV 


"Analgesic” activity of acetylsalicylic acid 


>TKJaX 

TTTtAT smftn.rs 

JCO. 

»ATS 

S*O.7fi0>p£0XZAX>- 
TECTEO j ITT 

EEATSXDnaX3 

xo. 

ZATS 

XO. nto-| 

TZCTEO 


I. Oral route 


“r«/ 

if*. 

250 

soo 

1000 

Acacia 

1 suspension 

•c. 

69 

see. 

8 

8 

8 

1 

0 

0 



I 

1/16 

2/16 

1/16 

0 

0 

1/16 


kflHKAsuisX 

69 

8 

8 

0 

0 

62 

6 

16 

2/16 

2/16 


■HHHH 



8 

0 

0 



22 

1/22 

1/22 





8 

0 

0 



23 

4/23 

2/23 




i 


i 




2t I 

2/2i j 

0 


11. Intraperitoneal route 


125 

250 

500 

750 

. 

Sol. + I^eHCOj 

69 

8 

8 

16 

24 

16 

0 

1/16 

1/24 

1/16 

0 

0 

1/24 

1/16 

62 

6 

32 

32' 

32 

5/32 

6/32 

9/32 

0 

0 

1/32 

0 

Saline 








24 

1/24 

0/24 


TABLE V 

"Analgesic” activity of aminopyrine 


Oral administration 


cost 

SZX5 srnruLCs 

XX). 07ZAXS 
Fcxvmxc 

xo. 

TtCfTHflU} 

ursCTLAZ 

TWITCaCfC 

xo. 

rXQTK-TI-D 

TUCHT 

UAcnox 

1 

orzAiiox 
07 Acnox 

xortAimr 


■■ 

see. 




Its. 


150 


8 

16 

1/16 

7/16 

>2} 

0 

200 


8 

16 

1/16 

4/16 

>2} 

0 

250 

69 1 

8 

14 

1/14 

10/14 ! 

>2} 

2/16 

500 

69 

8 

22 

7/22 

12/22 

5} 

7/29 

750 

69 

8 

12 

4/12 

6/12 j 

5} i 

14/26 


to a constant stimulus at different analgesic dose levels. The experimental data 
show that there is a linear relationship between the logarithm of the dose of the 
^oalgesic and the percentage of animals showing analgesic effect. An exception 
to this is aminopjTine. 
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T}ie method described is rapid, usesa minimum of time-consuming calculations 
and requires no special skill in its performance. Besides the inherent precision 
of the method, its reliability may be proved by the fact that the relative potencies 
of various analgesics agree with data of other authors (2, o, 14, 15) and moreover 
ofclinicale.\'periments(l, IG, 17, 23). An c.Nception, however, is acetylsalicjdic 
acid, the "analgesic” effect of which cannot be detected by our present method. 
The testing of this drug in laboratory animals poses a challenge. Data published 
are conflicting. Winder (G) detected pain threshold raising properties in the 
guinea pig; Andrews and Workman (5) in the dog; Hart (4) and D’Amour (4) in 
the rat; Bonnycastle in the rat after potentiation by codeine (18); and Da\dcs 

(19) following intravenous route only. On the contrarj-, Ercoli (2) and Goetzl 

(20) in the rat and Woolfe (21) and Kueter and Richards (22) in the mouse, were 
unable to observe any analgesic effect. 

Reasons for such disagreements and for the contrast between results of labora- 
torj’ and clinical tests have been discussed by many authors (G, 20, 21, 22). 
Another e.vplanation is that acctylsalicjdic is not active enough to alleidate an 
intensity of pain as great as the one used in our procedure. Proceeding on this 
assumption, a less intense pain stimulus (62®C., si.x seconds e.vposure) was em- 
ployed and under these circumstances a small but clear-cut effect was observed 
particularly after intraperitoneal administration. This would agree uith the 
therapeutic limitations of aspirin to low grade pain. 

The increased sonsiti\nty of this procedure which uses a loss intense heat stimu- 
lus has been confirmed bj' other experiments (table I). However, because of its 
lower accuracy and the necessity of rejecting many of the less sensitive animals 
its use seems limited to the evaluation of minor analgesics. 

SUMMARY 

1. A simple and accurate method is described by which analgesics may be 
rapidly screened.. It has been applied to morphine, codeine, merperidine, 
methadon isomers, ketobemidone, aminopyrine, and acetylsalicylic acid. 

2. This method is based on an all-or-none response towards a pain heat stim- 
ulus of constant intensity and duration. A linear relationship exists between 
the logaritlim of the doses of analgesic and the probit of rats failing to respond 
to the pain stimulus. 

3. Statistical analysis of the data shows that the method has satisfactory 
inherent precision and yields reproducible results which are in agreement with 
clinical experience. 

4. Evaluated by this method the two opiates tested and merperidine have 
the following average effective dose after subcutaneous administration expressed 
in mgm./kgm. of rat: morphine, 3.01; codeine, 24; merperidine, 21. The peak 
of action is thirty minutes. Using the average effective dose, the duration of 
analgesic activity of merperidine is two and one-half hours, and of morphine 
and codeine, three and one-half hours. 

5. Methadon, its isomers, and ketobemidone show the following E.D. 50: 
dl-Methadon (B) 2.5mgm./kgm., dl- Methadon (AV) 2.3 mgm./kgm., d-Methadon 
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82 mgm./kgm., 1-Methadon 1.05 mgm./kgm., 1-Isomethadon 3.5 mgm./kgm., 
and ketobemidone 2.9 mgm./kgm. The duration of analgesic activity is more 
than two and one-half hours except for d-Methadon where it is less than two 
hours. 

6. Among minor analgesics, aminopyrine is active only when the flight reac- 
tion is used as the end point. No linear dose-effect relationship can be observed. 
Acetylsalicylic acid given orally or intraperitoneally is inactive by this method. 
If a smaller intensity of heat is used as painful stimulus, however, a slight but 
definite “analgesia” is observed. 

Grateful acknowledgement is made to Dr. L. C. Miller for statistical advice 
and Dr. M. Mulinos for suggestions in the revision of the manuscript. 
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ADEENERGIC BLOCKING DRUGS: II. ANTAGONISM OF HISTAMINE 
AND EPINEPHRINE WITH N-(2-HALOALKYL)-l-NAPHTHALENE- 
METHYLAMINE DERUrATIVES 


EARL R. LOEWI AUDREY MICETICH 
Department of Pharmacology, University of Illinois College of Medicine, Chicago 
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In previous reports (1-6) we have indicated that antagonism of histamine 
and epinephrine was effected by certain N-(2-haloalkyl)-l-naphthalenemethyl- 
amine derivatives. An e.xtensive series of derivatives which were synthesized 
and supplied to us by Drs. G. Rieveschl, Jr., R. W. Fleming and W. R. Coleman’' 
have been tested by several means in order to determine the quality of phar- 
macological actions exerted by structurally related compounds. The following 
type formula indicates the chemical structure of the compounds studied : 


LJ\J 


Ri = alkyl, alkyloxy or 
chloro-alkyl 

Ec = bromo- or chloro- 
alkyl 


Chemically, these compounds are related to Dibenamine (N-(2-chloroethyI) 
■dibenzylamine-HCl), a compound which exerts adrenergic blocking action but 
which is almost devoid of antihistamine action (7, 8). The new compounds 
investigated were first tested in mice to determine their ability to diminish the 
toxicity of epinephrine which constituted presumptive evidence of adrenergic 
blocking activity (1, 6). A majority of the compounds were tested by a second 
screening procedure which permitted selection of those compounds which exerted 
antihistamine action as revealed by the ability to diminish bronchiospasm in 
guinea pigs subjected to an histamine aerosol; several compounds were also 
tested for anti-anaphylactic activity. Further evidence of adrenergic blocking 
action and antihistamine action was secured by demonstrating epinephrine 
Jeversal and diminution of the depressor action of histamine, respectively, in 
anesthetized, intact dogs. Evidence of an atropine-like action was based solely 
■on a comparison of the depressor responses to acetylcholine before and after 
injection of the compounds in dogs. 

A. Reduction of epinephrine toxicity in mice. We recently presented evidence 
(6) that the majority of known adrenergic blocking agents, when administered 
orally to mice, diminished the toxicity of injected epinephrine. Furthermore, 
numerous other types of drugs failed to reduce the to.xicity of epinephrine in 


‘ Present address: Dept, of Physiology, Boston Univ. School of Medicine, SO E. Concord 
St., Boston 18, Mass. 

’ We gratefully acknowledge the financial support and supply of synthetic compounds 
from Parke, Davis and Company. 
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mice. Thus, the demonstration that a compound reduces epinephrine to-xicity 
in mice constitutes a presumptive test for adrenergic blocking activity. 

TABLE 1 


The antagonism of epinephrine and histamine by jV-(S-haloa!kyl) 
i-naphthalencmethylamine derivatives 


(X) 

M 

ACUTE 
TOXICITY 
OXAL. VICE 
LUu ^ SX 

OtAL l-Dis/ 
tTTZCTlM: 
OXAl. DOSE 
ACAIVST 
rrrvt- 
niXINE 

DnaSTTRWI 

Of 

ntSTAMlSS- 
tyOUCED 
Btovemo- 
SfASX SS 
Cri.VEA fJCS 
ILTJ> ,SUEC. 

Comp. Ko. 

R. 

Rt 




/igm. 

npn /kgrt. 


rtgvt./kgn. 

1 

Methyl 

2-ehIoroothj’I 

17.7 it 2.5 

1I18± 85 


0.05 

2 (SY-14) 

Ethyl 

2-ohloroethyl 

5.7 i 0.6 

725 ± 57 


0.025 

3 (SY-28) 

Ethyl 

2-broraocthylt 

5.6 ±0.7 

457 rir 42 


0.03 

4 

n-Propyl 

2-chloroethyI 

3.8 ±0.5 



1.0 

5 

Isopropyl 

2-ehloroethyJ 

3.0 ±0.3 


368 

<3.0 

6 

Allyl 

2-chIoroethj'I 

6.7 ± 0.0 

1279 ± 89 

191 


7 (SY-10) 

n-Butyl 

2-chloroethyl 

4,5 ±0.0 


237 

12.5 

8 

Scc.-butyl 

2-chloroethyl 

C.8 rfc 0.7 


178 

12.5 

9 

Isobutyl 

2-chlorocthyl 

inixsic 



>12.5 

10 

n-Amyl 

2-chloroothyI 


1413 ± 49 

101 

>12.5 

11 {SY-63) 

n-He.xyl 

2-chloroethyl 




>25.0 

12 

2-Mctho’cy- 

2-chloroethyl 

HSKliV: 


163 

1.5 


ethyl 






13 

2-Chloro- 

2-chloroethyl 

15.5 ±3.0 



25.0 


ethyl 






14 

Ethyl 

2-chlorocthyl 

36.0 ±3,4 




15 

Ethyl 

2-hj’droxy- 




>25.0 



ethyl 





16 

N-(2-chloroethyl)-N-ethyl'2- 






naphthalenemethylamine 





17 

N-(2-chloroethyl)-N-ethyl- 






5, 6, 7, 8-tetrahydro-2-naph- 






thaleneraethylamine 





18 

4-chloro-N-(2-chloroethyl)- 




>12.5 


N-eth 3 'l-l-naphthalcne- 






methylamine 







t The hydrobromide salt; all others os hydrochlorides, 

* The efTective oral dose represents the calculated amount required to reduce mortality 
of mice from 67.0 to 33.5 per cent following intraperitoneal injection of a standard dose of 
epinephrine (cf. ref. 6 for details). 

The results obtained %vith this method of screening the compounds in the 
series of N-(2-haloalkyl)-l-naphthalenemethylamine derivatives are presented 
in table 1. Two or more doses of each compound were administered orally ’to 
groups of 20 mice two hours before intraperitoneal injection of an amount of 
epinephrine hydrochloride which killed 67.0 per cent of untreated mice. The 
stated calculated doses are those required to protect 50 per cent of mice which 
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otherwise would have died (for details see ref. 6). Examinatioii of the effective 
doses reveals that the alkyl derivatives (nos. 1 to 12) were all effective in doses 
ranging from 3.0 to 18.0 mgm./kgm. (0.06 to 0.36 mgm., orally, per 20 gram 
mouse). The low magnitude of the effective doses clearly indicates that many 
of the compounds possess high potency. The methyl compound (no. 1) proved 
less active than most of the alkyl homologues as indicated by the comparatively 
large dose required to antagonize epinephrine in mice and by the fact that a 
dose of 5.0 mgm./kgm., intravenously, was required to reverse the action of 
■epinephrine in a dog experiment. In general, the lower alkyl homologues 
(ethyl to sec.-butyl, and n-hexyl; nos. 2 to 8, and 11) were the most effective in 
mice. Further considerations of activity are discussed in the sections below 
which concern epinephrine reversal in dogs and structure-activity relationships. 

B. Acule toxicity. The acute toxicity of numerous compounds in the series 
was determined following oral administration of two to four doses to groups of 
20 mice (19 to 21 grams; both sexes) which were observed for five days for symp- 
toms and incidence of mortality. For oral administration, a 10 per cent aqueous 
suspension of each compound was made in a 2 per cent suspension of gum acacia. 
LDso values were estimated after plotting percentage mortality on log.dose- 
probit charts (9). Included in table 1 are the ratios of the oral LDm to the 
calculated oral doses which antagonized epinephrine toxicity, the doses in each 
uistance being administered to non-fasted mice. The ratios indicate a wide 
range between the doses exerting epinephrine antagonism and the toxic doses. 
Id most instances, the ratio is of such magnitude as not to eliminate an individual 
compound from further study since other cheniical, pharmacological and toxico- 
logical properties could well be of great importance. 

None of the compounds, in oral doses of 1.5 to 50.0 mgm./kgm. used in at- 
tempts to reduce epinephrine toxicity, produced any symptoms in mice during 
the two hours before epinephrine was injected. The large doses of compounds 
used in the toxicity experiments were practically devoid of stimulant action on 
the somatic neiwous system as indicated by the absence of hyperexcitability, 
tremors and convulsions. Some ata.xia and depression was noted coincident 
'Tith dj^nea in those mice which succumbed. The majority' of deaths occurred 
within one to four hours after admim'stration of the compoxmds; opening of the 
thorax immediately after respiratory failure revealed that the heart was still 
beating. Some mice remained depressed for 24 to 48 hours, and a few dead 
naice were found at these time interv'als, but seldom later. 

C. Diminution of hislamine-induccd bronchiospasm in guinea pigs. Attention 
has been drawn to the fact that all of the known antihistamine drugs either 
enhance or diminish the pressor responses to epinephrine in dogs (3). Obviously, 
compounds known to e.xert antihistamine action should be tested for adrenergic 
blocking action and vice versa. Various compounds from the chemical series 
under investigation were injected subcutaneously' in groups of twelve guinea 
pigs 30 minutes before subjecting them to an histamine aerosol which induced 
mortality in 92 per cent of an equivalent control group. The doses included 
in table 1 are the approximate minimal effective doses required to protect a 
significant number of animals from death referable to bronchioconstriction. 
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The dat-a reveal that the lower alkyl homologues, i.e., the methyl (no. 1) and 
jpecially the ethyl (nos. 2 and 3), were markedly cfTective in antagonizing 
histamine. The latter compounds proved to be about as effective as pyranis- 1 
amine (Neo-antergan) (4) when a direct comparison was made. Potency, as 
measured by diminution of histamine-induced bronchiospasm, decreased rapidly 
as additional carbon atoms were added to the alkyl chain (nos. 4 to 11). It is at 
once apparent that the ability to antagonize the effect of histamine on bronchioles 
of guinea pigs is not proportional to the ability to decrease epinephrine toxicity 
in mice. 


TABLE 2 

Control of anaphylaxis in guinea pigs 


C0U70aN0 

DOSC 

ifOlTAtlTY 

sr^Turr or sncproiu 

IN svxvivois 



RAtIo 

% 

p* 

Untreated controls 

i/m. 

10/20 

SO 


4 — mild 

C — moderate 

Benadryl -HCl 

3.0 

0/7 

0 

<0.01 

7 — mild 


0.5 

1/0 

i 

11 

1 

0.05 

1 

6 — mild; 2— 
moderate 

Compound 2. (SY-14). N-(2-chIoro- 
ctliyI)-N-ctbyl-l-naphthaIonemoth}-l- 
amine-HCl 


0/7 

0 , 

1 

<0.01 

7— all mild 

Compound 3. (SV-2S). N-(2.bromo- 

0.20 

0/7 

0 

<0.01 

7 — all mild 

eUiyl)-N-ethyl-l-naphlhaIcnomethyl- 

amino-HBr 


0/7 

0 

<0.01 

1 

5— mild; 1— severe 

1 — moderate 

Compound 5. N-(2-cIilorootbyI)-N-iso- 
propyl-l-naphtbalenemelbylnmine- 
HCl 

1.5 

0/10 

0 

<0.01 

0 — mild; 1 — 
moderate 


* P values from Fisher’s Table; value of 0.05 or less indieates a significant difference. 


D. Alleviation of anaphylactic symptoms in guinea pigs. Those compoimds 
which diminish bronchiospasm due to injected histamine should prove effective 
in decreasing bronchiospasm occurring in anaphylaxis which is referable to 
histamine released from body tissues. Three compounds from the series which 
exhibited a marked ability to protect guinea pigs in the histamine aerosol experi- 
ments were tested to determine their protective action in anaphylaxis (table 2). 

Each guinea pig was sensitized by an intraperitoneal injection of 0.5 cc. of 
normal horse serum. Eighteen days later, test compounds were administered 
subcutaneously to all but control animals 30 minutes before the injection of 1.0 t 
cc. of the antigen intracardially. The antihistamine drug, diphenhydramine- c 
HCl (Benadryl), was employed as a reference drug and proved effective under % 
the experimental conditions in decreasing mortality due to anaphylaxis (table 2). t- 
N-(2-bromoethyl)-N-ethyI-l-naphthalenemethyIamine-HBr (no,3) and thechlo- ) 
roanalogue (no. 2) were both effective in reducing mortality and preventing all t. 
butmild symptoms when used in doses of 0.20 and 0.15 mgm./kgm., respectively, j 
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which are approximately molar equivalents. The former compoimd reduced 
nortality when a dose of only 0.03 mgm./kgm. was emploj'ed, thus demonstrating 
ligh potency with respect to protection against anaphjdaxis and protection 
igainst histamine aerosol (table 1). Protection against anaphylaxis was also 
lemonstrated with the isopropyl homologue (no. 5) although smaller doses were 
not used to determine the degree of activit}'. 

E. Epinephrine reversal and histamine antagonism in dogs. Most of the com- 
pounds which were found to reduce epinephrine toxicity in mice w'ere injected 
intravenous^ in dogs anesthetized with pentobarbital sodium in an attempt to 
demonstrate epinephrine reversal and thus secure support for the belief that 
the compounds acted as adrenergic blocking agents. A few compounds which 
were non-effective or of low effectiveness in antagonizing epinephrine in mice 
were also administered to dogs since the failure to demonstrate epinephrine 
reversal readily in dogs would support the reliability of the mouse screening 
method. These experiments in dogs were so designed also to jdeld information 
concerning histamine antagonism and atropine-like action. 

In brief, the dog experiments were conducted as follows: Two intravenous 
mjections of epinephrine hj'drochloride (10 gamma), acetylcholine bromide 
(25 gamma) and histamine diphosphate (50 gamma) were made prior to ad- 
ministratjoa of a test drug. The test drug was then injected slowly (2 minutes) 
intravenously. After waiting 10 minutes for distribution of the compound, 
onset of action, and stabilization of blood pressure, each of the pressor and 
depressor drugs was again administered twice and such injections were repeated 
beginning at 60 and again at 120 minutes after injection of the test compound. 
Comparison of the paired pressor and depressor responses occurring 10 to 30, 60 
to 90, and 120 to 150 minutes after injection of the test compound with those 
occurring before constituted the means of demonstrating presence or absence 
of blocking or reversal of the pressor response to epinephrine and diminution of 
the depressor action of histamine and acetylcholine. The mid-portion of a 
record of such an experiment is presented in figure 1. 

kreliminarj' experiments revealed that all of those compounds which antag- 
onized epinephrine in mice (table 1) were effective in causing epinephrine re- 
versal when injected intravenously in dogs. Furthermore, the several com- 
pounds which were inactive or exhibited low activity in mice did not’ reverse 
the pressor action of epinephrine, or did so only when doses of 10.0 mgm./kgm. 
were injected (nos. 15 to 19). Thus, the mouse screening method is of definite 
value in selecting and evaluating adrenergic blocking compounds. ' 

In table 3 are presented quantitative data relating to the effects of several of 
the alkid derivatives on vascular responses to epinephrine, histamine and acetyl- 
choline. Further studies with the ethjd derivatives (nos. 2 and 3) were indicated 
because of the high potency of each with respect to epinephrine antagonism and 
histamine antagonism. The X-(2-chloroethyl)-N -ethjd derivative (no. 2 or 
S\ -14), in a dose of 3.0 mgm./kgm., intravcnouslj'-, consistentlj'- induced epineph- 
rine reversal and definitelj- diminished the depre.ssor responses to histamine 
for at least 150 minutes. The bromo-analoguc (no. 3 or SY-2S) e.xhibited 
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Bimilar activity at doses of 1.0 and 3.0 mgra./kgm. At tlie low dose of 0.2 mgm./ 
kgm. it blocked and sometimes reversed cITects of epinephrine during the first 
hour and only blocked thereafter, whereas it dimim'shed depressor responses to 
histamine for only 10 to 30 minutes. This indicates that epinephrine antag- 
onism was more prolonged than histamine antagonism. Since doses of 0.2 
and 1.0 mgm./kgm. induced epinephrine reversal and the higher dose diminished 
or blocked several sympathetic adrenergic nervous effects (5, 10), it is apparent 
that the available information warrants the conclusion that the compound is 
indeed a potent adrenergic blocking agent, although no more potent than the 
chloro-derivative (no. 2) if compared on a molecular basis. Evidence of long 
duration of action was indicated by the fact that epinephrine antagonism was 
demonstrated in three unanesthotized dogs 18 hours after intravenous injection 
of the compound in a dose of 3.0 mgm./kgm. 

Whereas the ethyl derivatives readily induced epinephrine reversal, the higher 
alkyl derivatives in the series of chloroethylamines (n-butjd or no. 7 and n-hexyl 
or no. 11) only blocked the pressor responses to epinephrine when the compounds 
W’ero injected in doses of 3.0 mgm./kgm. (table 3). With each of the four~ 
compounds, evidence of blocking or reversal of epinephrine and of diminution 
of histamine effects was apparent ten minutes after treatment at which time the 
first tests w’ere conducted. In addition to early onset of action, there was 
evidence of prolonged action, i.e., antagonisms persisted for the duration of the 
experiments (150 minutes). In dogs, potency with respect to epinephrine 
antagonism appeared greater with the ethyl derivatives (nos. 2 and 3) than 
with the n-butyl (no. 7) and n-he.xyl (no. 11) derivatives; no clear indication 
of differences in potency was apparent with these compounds in the c.\-pcriments 
with mice. 

It is of interest to note that vascular responses to histamine in dogs appeared 
to be more susceptible to diminution than the bronchiolar responses to histamine 
in guinea pigs. Intravenous administration of comparatively small doses of 
the n-butyl and n-hexyl compounds consistently diminished depressor responses 
to histamine in dogs throughout the e.xperimental period (table 3) whereas it 
required a subcutaneous dose of 12.5 mgm./kgm. of the n-butyl compound to 
reduce histamine-induced bronchiospasm in guinea pigs (table 1) and the n-hexyl 
compound failed to exhibit activity at a dose of 25.0 mgm./kgm. It is possible 
that these compounds exhibit some selectivity of antihistamine action on one 
or more components of the vascular system. 

FolloTOng intravenous injection of adrenergic blocking compounds, arterial 
blood pressure was usually reduced 15 to 35 per cent of the original within 10 
to 60 minutes, with a tendency for partial recovery to control levels during the 
following 90 minutes. Decreases in blood pressure exceeding 10 per cent of the 
control level were not observed with comparable or even larger doses of the 
inactive compounds in the series (nos. 15 and 16). Tentatively, the decreased 
blood pressure is ascribed to diminution or blocking of vasomotor tonus of 
adrenergic origin. Admittedly, the diminished level of arterial pressure may 
account, in part, for some of the diminution in vascular responses to epinephrine, 
histamine and acetylcholine. 
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F. Evidence of alropine-like aclion. A number of the N-alkyl derivatives in 
the series of N-(2-chloroethyl)-l-naphthalenemethylamines were tested in dogs 
to determine whether the depressor effects of acetylcholine were diminished or 
annulled. The depressor responses to acetylcholine were frequently diminished 
but never aimulled when doses of 5 or 10 mgm./kgm. were injected intravenously. 
The small diminution noted could have been due, in part, to decreased blood 
pressure. These findings indicate that the compounds do not exert a moderate 
or strong atropine-Uke action. Data in table 3 reveal that doses of 1.0 and 3.0 
mgm./kgm. only diminished the mean depressor response to acetylcholine a 
slight degree; reduction occurred in about one-half of the experiments and there- 
fore could not be closely related to antagonism of epinephrine or histamine which 
was consistently present. Since antagonism of the depressor action of acetyl- 
choline was an inconstant response and usually not marked in degree it is im- 
probable that these compounds exert an appreciable degree of atropine-Uke 
action on the vascular system. Other techniques might reveal an atropine-like 
action of these compounds on other tissues. 

G. Slruclure-aclivily relationehips. The antagonism of epinephrine by 1- 
naphthalenemethylamine derivatives administered orally to mice was especially 
pronounced with those compounds in which there was present on the tertiary 
nitrogen atom an alkyl group of 2 to 4 carbon atoms and a 2-chloroethyl group 
(table 1; nos. 2 to 8, and 12). When the alkyl group was methyl, activity was 
low as was found also to be true of the methyl homologue in a series of N-alkyl 
derivatives of N-(2-chloroethyl)benzhydrylamine (unpubUshed data). It is 
■u^ikely that such low activity with methyl homologues is related to solubiUly 
smce they are equally or more soluble than higher alkyl homologues which 
proved more active. It is probable that the apparent decrease in activity of 
mgher alkyl homologues, isobutyl, amyl, and he.xyl (nos. 9 to 11), was partly 
due to decreased solubility. Potency determinations made following intravenous 
^dmmistration would possibly measure inherent activity more accurately. The 
methoxyethyl homologue e.xhibited activity equal to that of the n-butyl and 
sec.-butyl homologues. Some decrease in activity resulted when the ethyl 
group was substituted by a 2-chloroethyl group (compare 2 and 13). 

Activity was diminished or lost even in the presence of an alkyl group if the 
-chloroethyl group was altered or substituted. The chloropropyl derivative 
f "s' ®^bited only low activity. No activity was demonstrated with doses 

0 0 mgm./kgm. when the 2-chloroethyl group was replaced by 2-hydroxyethyl 
(no. 15). 

e.xamples are cited which indicate that substitution in the 1-position of 
^ e naphthalene ring is important to activity. Activity was not demonstrated 
m mice with doses of 25 mgm./kgm., with those compounds in which the (2- 
oroethyl)ethylaminomethyl group was in the 2-position of the naphthalene 
16) 01' partial saturation (no. 17). The compound 
substituted in the 4-position exhibited weak activity in mice and 
_®gm./kgm. intravenously induced epinephrine reversal and antag- 
^ experiment made in a dog. 

he antagonism of the bronchioconstrictive action of histamine by 1-naph- 
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thalenemcthylamine derivatives administered subcutaneously to guinea pigs 
was greatest with the lower alkyl homologues which contained a 2-chloroethyl 
or 2-bromocthyl group (nos. 1 to 3), the ethyl homologues being the most active. 
Diminution of histamine-induced bronchiospasm was progressively lessened as 
additional carbon atoms were added to the alkyl groups, i.e., compounds 4 to li- 
lt would seem unlikely that the apparent progressive decrease in activity was 
due to failure of adequate absorption from subcutaneous sites of injection. 
Table 3 indicates that the intravenous injection of the n-butyl and n-hexyl 
homologues in dogs resulted in an inhibition of the depressor action of histamine 
which was about as prominent ns that effected by the ethyl-2-bromoethyl, 
homologue (no. 3) which proved so highly effective against the bronchioconstric- 
tive action of histamine in guinea pigs. We believe it quite probable that this 
difference may be due to the fact that the higher alkyl homologues have a 
selective antihistamine action which prevents rela.vation of vascular smooth 
muscle or capillary dilatation. 

Antihistamine activity was lost even in the presence of an alkyl group if 
the 2-chloroethyl group was replaced by 2-hydroxyethyl (no. 15). The bis- 2- 
chloroethyl compound (no. 13) was weakly active. Substitution of chlorine in 
the 4-position of the naphthalene ring (no. 19) decreased antihistamine action 
(compare with nos. 2 and 3) since prevention of bronchiospasm was not demon- 
strated, although the depressor response to histamine was halved in a single 
dog which received 10.0 mgm./kgm. of the compound. 

Discussion. These data indicate clearly that the lower alkyl homologues in 
the series of N-(2-haloaIkyl)-l-naphthalenemethylamines block certain actions 
of both histamine and epinephrine. Such dual action is the more remarkable 
because of the potency, early onset, and long duration of action demonstrated. 
The revelation that a single synthetic compound can block effects of histamine 
and epinephrine, which are in themselves physiologically antagonistic, undoubt- 
edly will stimulate and assist further studies directed toward elucidation of the 
mode of drug action. 

The blocking action of these N-(2-haloalkyl)-l-naphthnlenemetbylamines is 
not solely directed against histamine and epinephrine since Wells and Rail (12) 
have reported that N-(2-bromoethyl)-N'ethyl-l-naphthalenemethylamine-HBr 
(compound no. 3 or SY-28) blocks or reverses the pressor action of numerous 
epinephrine congeners. It is also of interest that it was stated to block the 
pressor action of 2-(l-naphthylmethyl)imidnzoline"HCl (Privine-HCl). Thus, 
one naphthylmethyl derivative blocked the pressor action of another naphthyl- 
methyl derivative, Privine, and one wonders whether it is purely coincidence 
that the latter possesses an imidazole ring which occurs also in histamine. 

Since various 2-halogenated ethylamines have been demonstrated to block 
certain effects of histamine, epinephrine and congeners, and Privine, it becomes 
highly probable that blockade of other agents may be demonstrated with these 
compounds. Furthermore, sjmthesis of numerous chemically related compounds 
will probably provide compounds with other types and combinations of pharma- 
cological activity such as antispasmodic, local anesthetic, quinidine-like, para- 
sympathetic blocking action, etc. A wide spectrum of activity seems possible 


ADRENERGIC BLOCKING DRUGS 


349 


in view of the fact that nitrogen mustards and related compounds have a strong 
affinity for numerous chemical groups of cellular constituents (13, 14, 15). 

As indicated in preliminary reports, we have found that N-alkyl-N-(2-chloro- 
ethyl)benzhydrylamines were practically devoid of antihistamine action but, like 
Dibenamine, exerted a moderate degree of adrenergic blocking action (6, 11). 
N-alkyl-2-(2-biphenylyloxy)-2'-diethylamines (2, 5, 6, 10) exerted a moderate 
degree of antihistamine action and stronger adrenergic blocking action than 
that exhibited by Dibenamine and the benzhydiyl derivatives. Antagonism 
of both histamine and epinephrine was especially prominent with several 1- 
naphthalenemethylamines herein described. No strong atropine-like action 
has been demonstrated with any compound in the three series investigated. 

The article which follows concerns the effects of two selected compounds 
on pressor responses to circulating epinephrine and excitation of adrenergic 
nerves (10). 


SUMMARY 

Alkyl homologues in a series of N-(2-chloroethyl)-l-naphthalenemethylamines 
e-xhibited the remarkable dual property of strongly blocking certain effects of 
both epinephrine and its physiological ants^onist, histamine. The lower alkyl 
homologues were effective in reducing the toxicity of epinephrine in mice, in- 
ducing epinephrine reversal in dogs, reducing toxicity of histamine-aerosol and 
histamine released during anaphylaxis in guinea pigs, and diminishing depressor 
responses to injected histamine in dogs. 

The most effective compounds were N-(2-chloroethyl)-N-ethyl-l-naphthalene- 
methylamine (SY-14) and the bromo-analogue (SY-28) which, on a molecular 
baas were of equal effectiveness in preventing histamine-induced bronchiospasm 
in guinea pigs and antagonizing epinephrine toxicity in mice. Epinephrine 
reversal and diminished depressor responses to histamine occurred almost im- 
mediately after intravenous injection in dogs and effects were of long duration. 

Structure-action relationships are discussed and attention is drawn to similar 
pharmacological properties of related 2-chloroethylamines xmder investigation. 
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ADRENERGIC BLOCKING DRUGS: III. EFFECTS OF TWO HALO- 
GENATED ETHYLAMINES ON PRESSOR RESPONSES TO EPINE- 
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CLEM A. STONE akd EAEL R. LOEM* 

Department of Pharmacology, University of Illinois College of Medicine, Chicago 

Received lor publication August 2 , 1948 

Evidence has been presented (1) that Dibenamine (N-(2-ch]oroetbyI)di- 
benzylamine-HCl) induces "epinephrine reversal” and exerts adrenei^c block- 
ing action. A preliminaiy report (2) indicates that similar action is averted 
by several N-alkyl-N-(2-ch]oroothyl)benzh3’drylamines. Studies with other 
substituted 2-halogenated ethylamines not only revealed evidence of adrenergic 
blocking activity but also an antagonism to histamine (2-8). 

In the present study a representative of each of two chemical series of halo- 
genated ethylamines was investigated to determine the ability to block adrenergic 
reflax mechanisms. N-(2'bromoethyl)-N-ethyl-l-naphtha]enemethj'lamine -HBr 
(SY-28) was selected__ for study because of marked potency ivith respect to 
antagonism of both histamine and epinephrine (7), a combination of effects which 
is unparalleled by any other known compound. N-f2-(2-biphenyIyIoxy)ethyl]- 
(2-chloroethyl)butylamine-HCl (SY-30) was select^ from a series of alkyl 
homologues since it antagonized epinephrine to an appreciable degree (4) but 
exerted only weak antagonism of histamine (8). A preliminary report concern- 
ing the adrenergic blocking action of these compounds has been published (9). 

The chemical structure of the compounds studied is shown along with that 
of Dibenamine in figure 1. All of these compounds produce irritation at the 
site of subcutaneous injection. The new compounds proved more potent than 
Dibenamine with respect to antagonizing the lethal action of epinephrine in 
mice (3, 6, 7), and the onset of action is much more rapid, being almost im- 
mediate. Once established, blocking action is prolonged \vith all compounds 
(1-4,6). 

Method. A method of study was chosen in which the ability to block the effects of 
injected epinephrine as well as the ability to block the effects of sympathetic stimulation 
could be determined. For this purpose adrenergic reflex pressor responses to carotid 
occlusion and to anoxia were employed. In addition, adrenergic activity, manifested as a 
rise in blood pressure, was induced by ganglionic stimulation with small doses of nicotine. 

Mongrel dogs of both sexes were lightly anesthetized with pentobarbital sodium (25 
mgm./kgm. intraperitoneally) and prepared for recording arterial blood pressure from the 
femoral artery. In some experiments, respiration was recorded by means of a Marey 
tambour connected to a pneumograph tied securely to the side of the chest. Certain of the 


* Parke, Davis and Company, Detroit, Michigan supplied a grant in support of this 
investigation and also the chemical compounds which were synthesized by Drs. G. 
Rieveschl, Jr., R. Vf. Fleming and W. R. Coleman. 

‘Present address of authors: Dept, of Physiology, Boston Univ. School of Medicine, 
SO B. Concord St., Boston 18, Mass. 
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experiments were made in dogs which received 1.0 mgm./kgm. of atropine sulfate (see 
table 1). 

In testing the eBeots of these adrenergic blocking agents on sympathetic reactivity, the 
following procedure was employed: (1) epinephrine hydrochloride wss injected intra- 
venously in a total dose of 20 gamma, (2) the carotid arteries were occluded below the 
bifurcation for one minute, (3) anorio anoxia was induced by rebreathing of nitrogen gas 
over soda lime for 45 seconds to 2 minutes, depending upon magnitude of the response, and- 
(4) nicotine, in a total dose of 0.15 to 0.8 mgm. was injected intravenously. After repeating 

Fro. 1 
C,H. 

I 

CH,— N— CHr-CHj— Br-HBr 


N-{2-bromoethyl)-N-ethyl-l-napthalenemethylamine • HBr 

(Sy-28) 

C.H, 

— CHi— CH,— N— CHr— CH,— Cl • HCl 

N-I2-(2-biphenylyloxy)ethylI-N-(2-chloroethyl)butylamine • HCl 
(SY.30) 



■N-{2j:hloroethyl)dibeniylamine ■ HCl 


Dibenamine 

each of the above procedures twice, SY-30 in a dose of 5.0 mgm./kgm. or SY-28 in a dose 
of ID mgm./kgm. was administered intravenously over a period of 2 minutes. The above 
procedures were then carried out again at 10, 35 and 90 minutes after administration of the 
blocking agent, and the responses compared with those obtained prior to treatment. 
Figure 2 shows a partial tracing from one experiment illustrating, in part, the method 
employed. The responses before and after the drug showm in the tracing portray the mean 
responses obtained as indicated numerically in table 1. 

The blocking agents studied are bitter, white crystalline compounds which deteriorate 
in solution on standing or heating, and hence were freshly prepared before use. Slightl 3 ’ 
opalescent solutions of SY-28 in concentrations of 0.1 to 02 per cent were cmploj'cd in this 
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study. ■" Tn'o per cent solutions of SY-30 were made by addition of a fen- drops of dilute 
hydrochloric acid. 

Results. A. Effect of the hloching agents on the pressor response to epineph- 
rine. The data in table 1 reveal that these now compounds markedly altered 
the pressor response to epinephrine. While only depressor effects appear in the 

TABLE 1 


Alterations of pressor responses to injected epinephrine, ganglionic stimulation vrith 
nicotine and adrenergic nervous reflexes 




1 

sy-30t 5.0 I.V. 

SY-2Sn.0vci(./ 
XCU., }.v. 

1 

1 C.VTXIATtD CO.NTSOtS 

FSOCCDUU 








Un»lropinj 2 c<! 

Atrt>p{aiied 

' Atropinixed , 

UftstropIn{xed 

j Atroiwiuxed 


3 

s 


■^■nBB 








Epinephrine- 

Mean re- 



1 


■jBI 

HC1:0.02 

sponso,* 



1 



iriEm.; 

mm. Hg 



i 



Total dose 

Before 

-fSt.O 

' -1-42.8 

-b51.6 


B^^^B 


After 

-23.8§ 

1 

[ -16.8§ 

-36.4§ 


SliiH 


Mean differ- 
ence ± 
Standard 
Error, 
mm. Hg 

1 77.8 ± 7.9 

! 



4.0±4.0 

B 


PV 

<0.01 


mm 

>0.3 

>0.3 

Nicotine 

Mean response, 





imB 

base H ; 

mm. Hg 


1 



iBB 

0.15-0.8 

Before 

-f-23.8 

-1-30.2 


+15.7 


mgm. 

After 

-4.2 

-1-1.2 

mm 

+9.0 










Mean differ- 

27.2 ±4.2| 

29.0 ± 3.5 

21.0 ±6.2 

6.7 ±5.5 

2.0 ±2.0 


ence ± 
Standard 
Error, mm. 
Hg 


1 

1 

1 


1 



P 

<0.01 

<0.01 

<0.01 

>0.1 1 

>0.3 

Carotid 

Mean response. 

■■ 


■■ 

bb 


occlusion 

mm. Hg 
Before 

iHH 

-1-33.4 



+34.0 ' 


After 


-1-11.8 

■SB 

BB 

+28.8 


Mean differ- 

27.0 d: 6.5 

21.6 ±2.2 

12.1 ±3.8 

12.3 ±6.8 

5.2 ±1.8 


ence ± 
Standard 
Error, mm. 
Hg 

1 

1 

1 



i 

>0.05 


P 

0.01 

<0.01 

0.02 

>0.1 
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TABLE 1 — Concluded 


PROCEOntE 


SY-30t S.O MCU /KGU., I.V. 

SY'ZSil.OUGil./ 
KCM., l.V. 

UNTREATED CONTROLS 





Atropinized 

Unatropinized 

Atropinized 

Xo. of dogs 


S 

5 j 

7 

4 

4 

Nitrogen 

inhalation 

Mean response, 
mm. Hg 
Before 

+36.0 

+27.8 

+24.6 

+30.5 

+26.2 


After 


+2.4 

-7.5 

+29.5 

+23.7 


Mean differ- 

38.0 + 8.7 

25.4 ± 0.7 

32.1 ± 9.1 

1.0 ± 1.54 

2.5 + 3.9 


ence ± 
Standard 
Error, mm. 
Hg 

P 

<0.02 

<0.01 

<0.01 

>0.5 

>0.5 


• Mean control responses are the average of two in each of the designated number of 
animals. Likewise mean test responses are the average of 2, taken at 35 and 90 minutes 
after treatment, in each of the designated number of animals. 

t N-[2-(2-biphen}-lylo\y)ethyl]-N-(2-chloroethyl)butylamine-HCl 

t X-(2-bromoethyl)-N-ethyl-l-naphthalenemethylamine-HBr 

§ Approximately SO per cent of these responses were preceded by a small pressor spike; 
for the statistical analysis only the depressor phase was considered (see text). 

# Itesponses to nicotine were occasionally biphasic ; above values are based on the pressor 
phase when this occurred. 

*1 Statistically significant when 0.05 or less. 

table and were considered for statistical analysis, it should be pointed out that 
after administration of the blocking agent a biphasic response to epinephrine 
occurred in approximately 50 per cent of the experiments. This response 
consisted of a small pressor spike of short duration, followed at once by a longer 
depressor phase. It is possible that the pressor spike, which averaged only' 10 
to 12 mm. Hg, was due to increased cardiac output referable to myocardial 
stimulation which was not blocked by the drugs used. The fact that Diben- 
amine does not alter the tachycardia induced with epinephrine (1) lends support 
to this view. 

B- Effect on adrenergic reflex and nicotine pressor responses. Here the two 
compounds in their respective doses exerted essentially the same actixdty. The 
cfTcct of these adrenergic blocking agents was that of complete blocking of 
the pressor responses to nicotine and anoxic anoxia, in both atropinized and 
unatropinized dogs (table 1). Occasionally the drugs caused a definite reversal 
of the responses. Respiratory stimulation in response to the action of nicotine 
and anoxic anoxia on chemorcceptors in the carotid body did not appear dimin- 
ished after treatment with the adrenergic blocking drugs. Furthermore, “epi- 
nephrine apnea” was absent and replaced by respiratory stimulation which con- 
sistently occurred concurrently with definite depressor responses to epinephrine. 
The persistence of respiratory reflex responses renders it unlikely that the dnigs 
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altered the sensitivity of the receptors or centers in the central nervous system 
concerned with the respiratoiy reflexes. 

A statistically significant diminution of the carotid sinus pressor reflex was 
observed. This is in contrast with the complete blocking effect on the anoxic 
or nicotine pressor response. This diminution, instead of complete blocking, 
could possibly be due to the fact that carotid occlusion did not cause as much 
epinephrine to be released from the adrenal medulla as did the anoxic state and 
injection of nicotine. 

C. Effect on mean arterial blood pressure. While the effects of the above 
adrenergic blocking agents were essentially the same on the various pressor 
responses considered above, the effect of the two agents on mean arterial blood 



Fio. 3. Effect of Adeeneroic Blockino Dbuos on Mean Abtbeial Blood 
Pressure of the Anesthetized Doo 

pressure differed somewhat. As seen in figure 3, both agents depressed mean 
arterial blood pressure by 20 to 30 per cent and the effect was slow to subside. 
This agrees well with the fact that these compounds are long acting; their 
action from a single dose lasted for 24 to 48 hours or longer (6, 7). Sy-28 ap- 
parently had a faster onset of action than did the biphenylyloxy ethylamine 
compound. The maximum depression of blood pressure was greatest with 
SY-28 and occurred -within 6 minutes, whereas, with SY-30, maximiun h3^oten- 
® on did not occur until after 12 minutes. 

Discussion. The results show that SY-28 and SY-30 -were capable of re- 
versing epinephrine and blocking or diminishing adrenergic pressor reflexes, as 
well as the pressor response to small doses of nicotine. This was achieved -with 
SY-28 in relatively small doses — i.e., 1.0 mgm./kgm. intravenously. This is in 
contrast with other adrenergic blocking agents, -with the possible e.xception of 
ergotamine (-vide infra), which require larger doses to produce adrenergic block- 
ade. Thus, 10 to 20 mgm./kgm. of Dibenamine (10) and 3.0 mgm./kgm. of 
yohimbine (11) were required to diminish or block the pressor sinus reflex. 
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Prisool, in a dosage of 6.0 to 15.0 mgm./kgm., suppressed the vascular response 
to carotid occlusion in unilaterally sympatheotomizcd dogs (12). Laige doses 
of the dioxanes, 933 F and 883 F, were also required to produce this effect (13). 

Ergotamine, however, in small doses apparently has a selective action in 
■blocking the sinus reflexes. Thus, doses of 0.01 to 0.1 mgm./kgm. of ergotamine 
tartrate have been shown to be capable of blocking sinus vasomotor reflexes of 
the cat, but at the same time these doses were unable to block or reverse the 
action of epinephrine (14, 15). Furthermore, the same doses did not block the 
blood pressure or respiratory responses to cyanides, nicotme and hypoxia (14). 
In the cat, larger amounts, in the neighborhood of 1.0 to 2.0 mgm./kgm., were 
required to dinunish or block the excitatory effects of the sympathetic nervous 
system, as well as reverse the action of epinephrine (14, 15, 16). Von Euler and 
Schmiterlow (14) attributed this blocking effect on sinus vasomotor refle.xes by 
small doses of ergotamine to a centrally located selective action. The work of 
He3unans, el al. (17, 18) does not support such a view, however. These workers 
used the crossed circulation technique and concluded that ergotamine in the 
cat or dog blocked the vasomotor sinus reflexes by a peripheral action. 

Such a selective action as that which likely exists for ergotamine probably 
does not exist as far as the 2-halogenated cthylamines are concerned. TVe have 
observed that if a diminished response to carotid occlusion was obtained, then 
blocking of the nicotine and anoxic pressor responses and epinephrine reversal 
were readily demonstrated. 

While SY-28, SY-30 and yohimbine (11) blocked the anoxic or nsphyxial 
pressor response, Dibenamine has been reported to reverse this response in cats 
and dogs (1, 10, 19). A reversal of this response could be expected if sufficient 
epinephrine were liberated from the adrenal medulla; the amount liberated 
would probably depend upon the degree of anoxia e.xisting during the various 
experiments. Under severe degrees of anoxia, epinephrine would be released 
not only reflexly, but also by a direct action of the anoxic state on the adrenal 
medulla (20). 

SY-28 and SY-30 were observed to cause a moderate decrease of blood pres- 
sure. Active adrenergic blocking agents would be expected to cause a depression 
of mean arterial blood pressure by virtue of diminution or abolition of the in- 
fluence of sympathetic tone, although a direct vasodilating action of SY-28 and 
SY-30 has not been ruled out. The degree of depression probably depends in 
- part upon the state of oxygenation existing at the time of injection, since it has 
been observed in other experiments, where the animal was undoubtedly in a 
state of hypoxia, that even as small a dose as 0.5 mgm./kgm. of Sy-28 infused 
intravenously over 10 minutes immediately reduced the blood pressure to shock 
levels. 

SY-28 and SY-30 in doses of 1.0 and 5.0 mgm./kgm., respectively, reversed 
the action of epinephrine but did not block all pressor responses of nervous 
origin. This appears to be a quantitative and not a qualitative matter and 
indicates that larger doses would be required to effect complete adrenergic 
blocking. It is apparent that with all adrenergic blocking agents, the dose 
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required to effectively block adrenergic nerves (sympatholysis) is several times 
the dose required to block or diminish responses to injected or circulating epi- 
nephrine (adrenolysis). It is therefore not surprising that Dibenamine, in a dose 
of two to four times that usually employed (10 to 20 mgm./kgm., intravenously) 
to invoke “epinephrine reversal” failed to block completely certain adrenergic 
nervous responses (21). The increase in dosage necessary to block adrenergic 
nervous responses, as compared to dosages needed to block circulating epinepb- 
line, is not peculiar to adrenergic blocking agents since an analogous situation 
exists with respect to anti-chobnergic drugs. For example, it is well known that 
small doses of atropine will prevent depressor responses to injected acetylcholine 
and even block certain cholinergic nervous responses, but it may fail to prevent 
nervous effects in the urinary bladder and gastro-intestinal tract even though 
larger doses are administered. It is quite obvious that there is a need for a 
truly potent and specific adrenergic blocking compound which in tolerated doses 
will readily block adrenergic nervous effects, particularly if some selective action 
is exerted on given tissues or organs. 

The fact that SY-28 and SY-SO are closely related chemically to Dibenamine 
at once suggests that the same chemical grouping (N-CHj-CHs-X) accounts for 
maximal activity, and that the site of action is probably the same. Nickerson 
(1, 21) has discussed the site of action of Dibenamine and has come to the con- 
clusion that this agent acts peripherally at the effector cell. While the blocking 
action of SY-28 and SY-30 on the carotid sinus and anoxic reflex pressor responses 
could be located centrally and/or in ganglia, it is more likely that such blocking 
occurred peripherally for the vasomotor and respiratory responses to epinephrine 
were reversed, and the respiratory accelerating action of anoxia and nicotine 
Were not altered by the compounds. Such a peripheral action would also ac- 
count for the blocking of the nicotine responses, although a ganglionic site has 
not been ruled out. 


BUMMART 

N-(2-bromoethyl)-N-ethyl-l-naphthalenemethylamine-HBr and N-2-(2-bi- 
phenylyloxy)ethyl-N-(2-chloroethyl)butylamine'HCl, in relatively small doses 
of 1.0 and 5.0 mgm./kgm., intravenously, respectively, have been shown to be 
active adrenergic blocking compounds by virtue of the ability to reverse the 
action of epinephrine and to dimmish or block the pressor responses to anoxia, 
carotid occlusion, and small doses of nicotine in dogs. The experimental evidence 
supports a peripheral adrenergic blocking action. 
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Priscol, in a dosage of 6.0 to 15.0 mgm./kgm., suppressed the vascular response 
to carotid occlumon in unilaterally sympathectomizcd dogs (12). Large doses 
of the dioxanes, 933 F and 883 F, were rdso required to produce this effect (13). 

Ergotamine, however, in small doses apparently has a selective action in 
blocking the sinus reflexes. Thus, doses of 0.01 to 0.1 mgm./kgm. of ergotamine 
tartrate have been shomr to be capable of blocking sinus vasomotor reflexes of 
the cat, but at the same time these doses were unable to block or reverse the 
action of epinephrine (14, 15). Furthermore, the same doses did not block the 
blood pressure or respiratory responses to cyanides, nicotine and hypoxia (14). 
In the cat, larger amounts, in the neighborhood of 1.0 to 2.0 mgm./kgm., were 
required to diminish or block the excitatory effects of the sympathetic nerr'ous 
system, as well as reverse the action of epinephrine (14, 15, 16). Von Euler and 
Schmiterlow (14) attributed this blocking effect on sinus vasomotor reflexes by 
small doses of ergotamine to a centrally located selective action. The work of 
Heymans, el al. (17, 18) does not support such a view, however. These workers 
used the crossed circulation technique and concluded that ergotamine in the 
cat or dog blocked the vasomotor sinus reflexes by a peripheral action. 

Such a selective action as that which likely exists for ergotamine probably 
does not exist as far as the 2-halogenated ethylamines are concerned. We have 
observed that if a diminished response to carotid occlusion was obtained, then 
blocking of the nicotine and anoxic pressor responses and epinephrine reversal 
were readily demonstrated. 

While Sy-28, SY-30 and yohimbine (11) blocked the ano.xic or asphyxial 
pressor response, Dibenamine has been reported to reverse this response in cats 
and dogs (1, 10, 19). A reversal of this response could be e.xpected if sufficient 
epinephrine were liberated from the adrenal meduUa; the amount liberated 
would probably depend upon the degree of anoxia e.xisting during the various 
experiments. Under severe degrees of anoxia, epinephrine would be released 
not only reflexly, but also by a direct action of the anoxic state on the adrenal 
medulla (20). 

sy-28 and SY-SO were observed to cause a moderate decrease of blood pres- 
sure. Active adrenergic blocking agents would be expected to cause a depression 
of mean arterial blood pressure by virtue of diminution or abolition of the m- 
fluence of S3mapathetic tone, although a direct vasodilating action of Sy-28 and 
SY-30 has not been ruled out. The degree of depression probably depends in 
part upon the state of oxygenation existing at the time of injection, since it has 
been observed in other experiments, where the animal was undoubtedly in a 
state of hypoxia, that even as small a dose as 0.5 mgm./kgm. of Sy-28 infused 
intravenously over 10 minutes immediately reduced the blood pressure to shock 
levels. 

sy-28 and SY-30 in doses of 1.0 and 5.0 mgm./kgm., respectively, reversed 
the action of epinephrine but did not block all pressor responses of nervous 
origin. This appears to be a quantitative and not a qualitative matter and 
indicates that larger doses would be required to effect complete adrenergic 
blocking. It is apparent that xvith all adrenergic blocking agents, the dose 
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required to effectively block adrenerpc nerves (sympatbolysis) is several times 
the dose required to block or diminish responses to injected or circulating epi- 
nephrine (adrenolysis). It is therefore not surprising that Dibenamine, in a dose 
of two to four times that usually employed (10 to 20 mgm./kgm., intravenously) 
to invoke “epinephrine reversal” failed to block completely certain adrenergic 
nervous responses (21). The increase in dosage necessaiy to block adrenergic 
nervous responses, as compared to dosages needed to block circulating epineph- 
rine, is not peculiar to adrenergic blocking agents since an analogous situation 
exists with respect to anti-cholinergic drugs. For example, it is well known that 
small doses of atropine will prevent depressor responses to injected acetylcholine 
and even block certain cholinergic nervous responses, but it may fail to prevent 
nervous effects in the urinaiy bladder and gastro-intestinal tract even though 
larger doses are administered. It is quite obvious that there is a need for a 
truly potent and specific adrenergic blocking compound which in tolerated doses 
will readily block adrenergic nervous effects, particularly if some selective action 
is exerted on given tissues or organs. 

The fact that SY-28 and SY-SO are closely related chemically to Dibenamine 
at once suggests that the same chemical grouping (N-CHs-CHj-X) accounts for 
maximal activity, and that the site of action is probably the same. Nickerson 
(1, 21) has discussed the site of action of Dibenamine and has come to the con- 
clusion that this agent acts peripherally at the effector cell. "While the blocking 
action of SY-28 and SY-30 on the carotid sinus and anoxic reflex pressor responses 
could be located centrally and/or in ganglia, it is more likely that such blocking 
occurred peripherally for the vasomotor and respiratory responses to epinephrine 
were reversed, and the respiratory accelerating action of anoxia and nicotine 
were not altered by the compounds. Such a peripheral action would also ac- 
count for the blocking of the nicotine responses, although a ganglionic site has 
not been ruled out. 


SUMMARY 

N-(2-bromoethyl)-N-ethyl-l-naphthalenemethylamine-HBr and N-2-(2-bi- 
phenylyloxy)ethyl-N-(2-chloroethyl)butylamine’HCl, in relatively small doses 
of 1.0 and 5.0 mgm./kgm., intravenously, respectively, have been shown to be 
active adrenergic blocking compounds by virtue of the ability to reverse the 
action of epinephrine and to diminish or block the pressor responses to anoxia, 
carotid occlusion, and small doses of nicotine in dogs. The experimental evidence 
supports a peripheral adrenergic blocking action. 

REFERENCES 

1. Nickerson, M., and Goodman, L. S.: This Journal, 89: 167, 1947. 

2. Loew, E. R., MicETiai, A., and Achenbach, P.: Fed. Proc., 6: 351, 1947. 

3. Loew, E. R., and Micetich, A.: Fed. Proc., 6: 351, 1947. 

4. AcnENDACit, P., and Loew, E. R.: Fed. Proc., 6: 304, 1947. 

5. Loew,E.R.: Phj-siol. Rev., 37:542, 1947. 

6. Loew, E. R,, and Micetich, A.: This Journal, 93: 434, 194S. 

7 Loew, E. R., a.nd MtCETiai, A.: This Journal, 94: 339, 1948. 



358 


CLEM A. STONE AND EAEL B. LOEW 


8. Loew, E. R., and MiCETicn, A.: Unpublished data. 

9. Stone, C. A., AcirENBACfi, P., and Loew, E. R.: Fed. Proc., 7; 25S, IMS. 

10. Biorck, G.: Acta physiol. Scandinav., 14: 174, 1947. 

11. Hetmans, C., and Bouckaert, J. J.: Arch, internet, pharmacodyn. ct do therap., 

88: 325, 1930. 

12. Marzoni, F. a., Reardon, M. J., and Hendrix, J. P.: Fed. Proc., 6: 355, 1947. 

13. DeVleeschhoower, G.: Arch, internat. dc pharmacodyn. ct de therap., 60:251, 1935. 

14. v.Eolbr, U. S., and SchmiterlOw, C. G.: Acta physiol. Scandinai’., 8: 122, 1944. 

16. Wrioiit, S.: J. Phi-siol., 69: 331, 1930. 

16. Gernandt, B., and Zotterman, G.: Acta physiol., Scandinav., 11: 301, 1946. 

17. Hei'mans, C., and Regniers, P.: Arch, internat. pharmacodyn. ct do therap., 38:116, 

1930. 

18. Hby.mans, C., Regniers,?., and Boockaert, J. J.: Arch, internat. de pharmacodyn. 

ct de therap., 36: 213, 1930. 

19. DBVLBEscnnouwER, G. R.: Proc. Soc. Exper. Biol, and Med., 66: 151, 1947. 

20. BOldrino, E., Burn, J. H., and DeElio, F.: J. Physiol., 107: 222, 1948. 

21. Nickerson, M., and Nomaoochi, G.: This Journal, 93: 40, 1948. 



THE FATE OF PROCAINE IN MAN FOLLOWING ITS INTRAVENOUS 
ADMINISTRATION AND METHODS FOR THE ESTIMATION OF 
PROCAINE AND DIETHYLAMINOETHANOLi 

BERNARD B. BRODIE, PHILIP A. LIEF and RAYMOND POET 

Research Sereice, Third (New York University) Medical Division, Goldwaler Memorial 
Hospital, and the Departments of Biochemistry and Anesthesia, New York 
University College of Medicine, New York, N. Y. / 

Received for publication August 11, 1948 

The local anesthetic, procaine, has been administered intravenously for the 
control of pain associated with bums, fractures, etc., and in the post-operative 
period following the trauma of surgical procedures (1, 2, 3). It has also been 
used for disorders of cardiac rhythm observed during anesthesia (4). Studies 
were undertaken to identify the transformation products of procaine in the body, 
and to study the extent to which the activity of the drug is limited by its trans- 
formation, or is associated with the derived products. This paper deals with 
the physiological disposition of procaine and the identification of its derived 
products. 

It has been demonstrated that an enzyme exists in plasma which catalyzes 
the hydrolysis of the drug to p-aminobenzoic acid and presumably, diethyl- 
aminoethanol (5). Little positive information is available, however, concerning 
the fate of procaine in vivo. This is due in no small part to the lack of a suitable 
method for the determination of procaine and its transformation products in 
biological tissues. 

Chemical methods. A study of the metabolic fate of procaine required sensitive 
methods for the estimation of procaine and its metabolic products in biological material. 

Determination Of Procaine. Methods for the estimation of procaine in biological fluids 
have been previously described. The chief difiiculty involved in its estimation is the 
Mparation of procaine from its hydrolytic product, p-aminobenzoic acid. The method of 
Risch and Strauss separates procaine from p-aminobenzoic acid by an extraction procedure, 
and then estimates it by the Bratton and Marshall reaction (6). This procedure includes 
no provision for the inhibition of the enzymatic hydrolysis of the procaine which occurs 
after the blood is drawn. Moreover, the method is not sensitive enough to measure the 
email amounts of procaine which occur in plasma during its intravenous administration to 
man. The method described by Graubard is unsuitable since the measurement includes the 
argc excess of p-aminobenzoic acid derived from the hydrolysis of procaine in the body (7) . 

described below is a modiflcation of that of Kisch and Strauss. The in 
of the procaine is prevented by the addition of sodium arsenite to the blood, 
e sensitivity of the measurement is considerably enhanced by forming the azo dye in a 
smal V'olume and assaying its concentration by microspectrophotometry. This permits 
e ratimation of plasma procaine concentrations as low as 100 micrograms per liter. 

s procaine is isola ted from the biological material by extraction into ethylene di- 

1 work was supported by a grant from the Institute for the Study of Analgesic 
and Sedative Drugs. , 

The procaine (novocainc) used in these studies was obtained through the courtesi’ of the 
apartment of Medical Research, Winthrop-Stearns Inc. 
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chloride, returned to dilute acid, and then diazotized and coupled with N (l-naphthyl) 
ethylene diamine. The resulting dye is assayed in a spectrophotometer adapted to small 
volumes (S). 

The specificity of the method was appraised by a distribution technique (9, 10). The 
results obtained indicate that the substance measured in biological material is identical 
with authentic procaine. 

Preparation of plasma samples: Human plasma contains an enzyme which markedly 
accelerates the hydrolysis of procaine to p-aminobenzoic acid and diethylaminocthanol (5). 
Procaine in human plasma completely disappears in about two minutes unless the enzy- 
matic activity is inhibited (table 5). The blood is therefore rapidly dranm and immedi- 
ately placed in a test tube containing sodium arsenite (2 drops of 50 per cent solution per co. 
of blood). The contents are mixed by inversion of the tube which has been covered by a 
microscope slide. The plasma is separated from the cells and analyzed within an hour. 

If it is inconvenient to analyze the sample within this time, the plasma proteins may be 
precipitated ndth trichloracetic acid and the procaine estimated in the filtrate. The 
procaine is stable for at least several days in the filtrate. Aliquots are neutralized with 
sodium carbonate, buffered to pH 9 and the procaine estimated as described below. 

Procedure. Add 1 to 5 cc. of plasma or suitably diluted urine (containing up to 5 micro- 
grams of procaine) and 1 cc. of 0.8.1/ borate buffer (pH 9) to 20 cc. of ethylene dichloride’ 
in a CO cc. glass-stoppered bottle. Shake for 10 minutes. Transfer the contents of the 
bottle to a test tube and centrifuge for 5 minutes. Remove the aqueous phase by aspira- 
tion. Transfer IS cc. of the solvent phase ton40cc. conical glass-stoppered tube containing 
1 cc. of HCl. Shake for 5 minutes and then centrifuge. Introduce a finely drawn glass 
tube to the bottom of the lower solvent phase and gently aspirate all but the last traces of 
the solvent. Add 0.05 co. of 0.1 per cent sodium nitrite solution. Wait 6 minutes, add 
0.05 co. of 0.5 per cent ammonium sulfamate solution’. After 3 minutes add 0.05 cc. of 0.1 
per cent N (l-naphthyl) ethylene diamine dihydrochloride. Allow 20 minutes for the color 
to develop fully. Determine the optical density of the dye at 550 raji in the Coleman 
Model 6 spectrophotometer adapted to raicrospectrophotometry (8). A reagent blank is 
run through the proeoduro. This reagent blank should not give an optical density of more 
than 0.005 when IN HCl to which the diazotizing and coupling reagents have been added 
is used for the zero setting. 

Standards are prepared by taking 1 cc. of standard solution and adding nitrite, sulfamate 
and coupling reagent as described above. A blank of IN HCl to which the above reagents 
have been added is used for the zero setting. The optical densities were found to be 
proportional to concentration. An optical density of about 0.075 was obtained in the 
adapted Coleman Model 6, when 1 microgram of procaine was run through the procedure. 
Procaine added to plasma and urine in amounts from 0.5 to 3 micrograms was recovered 
with adequate precision (98 ± 6 per cent). 

Determination of Diethylaminocthanol. A reaction previously described (9), for the esti- 
mation of basic organic compounds was used in the estimation of diethylaminocthanol. 
This reaction involves the formation of a salt of the organic base with methyl orange. This 
salt is extracted into ethylene dichloride and estimated directly in the solvent. Difficulties 
were encountered in the estimation of diethylarainoethanol by this method because of the 
marked water solubility of its methyl orange salt. This solubility was greatly reduced by 

* A technical grade of ethylene dichloride is purified by successive washings with IN 
NaOH, IN HCl and three washings with water. 1.5 per cent by volume of isoamyl alcohol, 
reagent grade, w’hich has been similarly treated, is added to the solvent to minimize the 
adsorption of the compound from the solvent onto the glass surface. 

’ A non-procaine blank, which does not react with the coupling reagent, is extracted 
from urine. This blank is corrected for by reading.the optical density of the solution at 
this stage before the addition of the coupling reagent and subtracting the reading from the 
final optical density of the dye. 
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increasing the concentration of methyl orange, and by reducing the volume of the aqueous 
methyl orange phase. 

The diethylaminoethanol is isolated from biological material by extraction into ethylene 
dichloride. The ethylene dichloride phase is shaken with methyl orange at pH 5 and the 
excess methyl orange is removed. The methyl orange, which dissolves in the solvent 
through salt formation in amounts equivalent to the contained base, is estimated spectro- 
photometrically. 

The specificity of the method was appraised by the distribution technique. The 
results obtained indicate that the substance measured in the biological material is identical 
with authentic diethylaminoethanol. 

Procedure. Add 2 cc. of plasma or suitably diluted sample* (containing up to 30 micro- 
grams of diethylaminoethanol), 1 cc. of IN NaOH and 3 grams of potassium iodide* to 15 qc. 
of ethylene dichloride* in a 60 cc. glass-stoppered bottle. Shake for 10 minutes. Transfer 
the contents of the bottle to a test tube and centrifuge for 5 minutes. Transfer as much of 
the supernatant solvent phase as possible to a 60 cc. glass-stoppered bottle containing 0.1 
cc. of methyl orange reagent*. Shake for 5 minutes, transfer the contents to a test tube and 
centrifuge at high speed. Completely remove the supernatant methyl orange layer by 
aspiration. Pipette 10 cc. of the solvent phase into a colorimeter tube containing 2 cc. of 
a solution of 2 per cent by volume of sulfuric acid in absolute alcohol. Determine the 
optical density in a spectrophotometer at 540 miP. A reagent blank is run through the 
same procedure. The reagent blank should not yield an optical density greater than 0.010 
when ethylene dichloride plus the alcoholic sulfuric acid is used for zero setting. (Coleman 
Model 6 spectrophotometer.) 

Standards are prepared by taking 2 cc. of standard solution, adding 1 cc. of IN NaOH, 
3 grams of potassium iodide and 15 cc. of ethylene dichloride and handling in the same 
manner as the unknowns. An optical density of about 0.100 is obtained when 5 micrograms 
of diethylaminoethanol are run through the procedure. 

Diethylaminoethanol added to plasma and urine in amounts from 5 to 30 micrograms 
was recovered with satisfactory precision (105 ± 6 per cent). 

Procedure for total p-aminobenzoic acid (free and conjugated). The conjugated forms of 
p-aminobenzoic acid are deacetylated to p-aminobenzoic and p-aminohippuric acids. The 
latter compounds are diazotized and coupled with N(l-naphthyl) ethylene diamine. The 
resulting dyes are assayed at 550 m^l. The dyes formed from both p-aminobenzoic acid 


* Organ tissues are prepared for analysis by emulsification in acid as described in a 
previous paper (10). 

* The addition of potassium iodide to the aqueous phase makes it heavier than the ethyl- 
ene dichloride phase. This not only facilitates the handling of the solvent phase, but also 
decreases the blank to some extent. 

The methyl orange reagent used previously in the estimation of organic bases was a 
eaturated solution in 0.SJII boric acid and contained about 90 mgm. of methyl orange per 
90 cc. (9). This solution is too dilute to give a suitable reaction with diethylamino- 
ethanol. However methyl orange is about seven times more soluble in ordinary water. 
. Obturated solution of methyl orange in water when added to a boric acid solution results 
>n a supersaturated solution of methyl orange from which the latter does not crystallize 
out for some time. Advantage of this phenomenon is taken to produce a relatively high 
concentration of methyl orange in boric acid solution. 

, " naturated aqueous solution of the sodium salt of methyl orange is washed several times 
) shaking with half its volume of ethylene dichloride. The methyl orange reagent is made 
J diluting this solution with an equal volume of saturated boric acid solution. This 
* ulion is made just prior to using since the methyl orange precipitates out within an hour. 

, diethylaminoethanol estimated in plasma includes that derived from the in vitro 

} rojysis of the procaine also present. The concentration of procaine is usually so small 
to involve a negligible correction. 
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and p-aminohippuric acid yield the same optical density per mole. The estimation may 
therefore be expressed in terms of total p-aminobcnzoic acid. The procaine present is also 
included in the estimation but is so small that it may be neglected in the calculation of 
total p-aminobcnzoic acid. 

The total p-aminobcnzoic acid is determined in a filtrate of plasma. To deprotcinize 
the plasma, add 5 cc. of SO per cent trichloracetic acid to 2 cc. of plasma and 3 cc. of water. 
Transfer S cc. of the plasma filtrate or diluted urine to a test tube containing 1 cc. of 12fif 
HCl. Heat on the water bath for 1 hour. Estimate the resulting aromatic amines by the 
Bratton and Marshall reaction (11). 

Evidence for the identity of the substances determined in bioloyical fluid. Conclusions con- 
cerning the fate of procaine depend upon a knowledge of the identity of the substances in 
the biological material. A technique, previously described by us (D, 10), permits the iden- 
tification and, to a considerable degree, the establishment of purity of a substance being 

TABLE 1 

Distribution of procaine and apparent procaine between 
ethylene dichloride and water at various pH values 

The apparent procaine was obtained by extraction with ethylene dichloride of the plasms 
of a subject receiving procaine by intravenous infusion. The compound was returned to 
dilute acid. Aliquots of this solution and an authentic procaine solution were adjusted to 
various pH values and shaken with equal volumes of ethylene dichloride. The fraction of 
the compounds extracted at various pH values is expressed ns the ratio of the amount of 
compound in the organic phase to total compound. 


pH 

1 

AtTTOEKriC THOCMSt 

arrAixav raocAui* nou tiasm 

5.6 

0.18 

0.16 

6.3 

0.87 

0.54 

7.0 

0,93 

0.89 


measured. It involves a comparison of the distributions of the substance with those 
of the authentic substance in a two-phase sj-stom consisting of an organic solvent and water 
at various pH values. Dissimilar distributions indicate the presence of a substance differ- 
ent from the authentic compound. To escape detection, a transformation product would 
have to have not only a similar dissociation constant but identical solubility character- 
istics in two solvents. 

The examination in the case of procaine and dicthylaminocthanol was made with 
ethylene dichloride extracts of plasma from patients who had received procaine intra- 
venously. The partitions of procaine and dietbylaminoetbanol between ethylene di- 
chloride and water at various pH values was compared with those of the apparent com- 
pounds from the biological fluids. The results with each substance showed that, within 
experimental error, the apparent and the authentic compound had the same solubility 
characteristics and were therefore presumably the same compound (table 1-2). 

Tate op procaine in man. Procaine and its transformation products found 
in urine after procaine administration. Informatioa concerning the metabolic 
products of procaine was obtained from the urine of 5 subjects given 2 grams of 
the drug by intravenous infusion. The infusion time varied from 45 to 125 
minutes. The urines were collected over a period of 24 hours. The excretion 
of the various transformation products subsequent to this time was negligible. 
Approximately 2 per cent of the administered procaine was excreted imehanged, 
indicating that the drug is abnost completely metabolized in the body, p- 
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Aminobenzoic acid and its various conjugates found in the urine' were equivalent 
to about 80 per cent, while the diethylaminoethanol was equivalent to about 
30 per cent of the administered procaine (table 3). 

Fate of dielhylaminoeihanol and p-aminobenzoic acid in the body. Further 
information concerning the fate of procaine was obtained by studying the fate 
of its metabolites. A combined dose of 1 gram of diethylaminoethanol and 1 

TABLE 2 

Dielribution of diethylaminoethanol and apparent diethylaminoethanol 
between ethylene dichloride and water at various pH values 
The apparent diethylaminoethanol was obtained by extraction with ethylene dichloride 
of the plasma of a subject receiving procaine. Aliquots of this solution and of an ethylene 
dichloride solution of authentic diethylaminoethanol were shaken with i volume of water 
at various pH values. The fraction of the compound extracted at various pH values is 
expressed as the ratio of the compound in the organic phase to total compound. 


,PH 

AUTHENTIC 

DIETHYUOUNOETHAKOL 

ATPAXENT DIETmXAKINOETHAKOL 
TSOlf PLASUA 

8 

0.16 

0.12 

9 

0.52 

0.52 

10 

0.93 

0.05 

11 

1.00 

0.99 


TABLE 3 

The metabolic fate of procaine in man 

Recovery of procaine and its metabolic products from the urine of subjects after the 
■atravenous administration of 2 grama of procaine. 

The urine was collected over a period of 24 hours. The proportion of the various metab- 
olites is expressed in percentage of the theoretical amounts that could occur from the 
amount of procaine administered. 


PXOCAIN'Z 

! CIETHYZJOnKOETnANOL 

P'AUINOBEKZOIC ACtl> TSZE ANX> 
CONJUGATED 

ftr ctnt 

P«r €€nt 

PfT cent 

1.4 

26 

75 

1.2 

33 

98 

2.3 

37 

78 

1.0 

21 

64 

2.7 

28 

SO 


Etiun of p-aminobenzoic acid was administered intravenously in 250 cc. volume 
to 2 subjects. Urine was collected over a period of 24 hours. About 33 per 
cent of the administered dose of diethylaminoethanol was excreted unchanged. 
About 90 per cent of the p-aminobenzoic acid was recovered in the urine in the 
form of p-aminobenzoic acid and its various conjugates. 

The identity of the various p-aminobenioic acid conjugates was not determined since 
this information was not relevant to the present problem. These conjugates have been 
reputed to be predominantly free and acetylatcd p-aminobenzoic acid. 













364 


B. B. BKODIE, P. A. MEF AND B. POET 


The above results indicate that about the same fraction of p-aminobenzoic 
acid and diethylaminoethanol are excreted whether they are given directly or 
combined as procaine. This suggests that the main, if not the only, route of 

TABLE 4 


Plasma levels of procaine and its metaboUles during and 
after the intravenous infusion of S grams to man 



1 

raocAiyE 1 

OtmXYUUaKOCT&AKOL 

TOTAL ?-AMI?fOBrNrOIC 
ADD fin AHO COHJtOATXS 

Subject A 

ninuUs after start ef infusion 



mtnufL. 

15 


1.3 

2 

35 


2.2 

6.3 

75 


2.6 

10.6 

105 

0.3 

2.8 

12.9 

minutes after end of infusxon 




15 

0.2 

2.7 

13 

35 

0.1 

2.2 

11.5 

60 

0.0 

1.7 

8.2 


Subject B 


minutes after start ef infusion 




20 

0.2 

2.0 

4.1 

40 

0.3 

3.0 

9.4 

107 

0.35 

3.7 

15.1 

minutes ajitr end of infusion 




20 

0.2 

3.2 

11.5 


metabolism of procaine is hydrolytic cleavage to p-aminobenzoic acid and diethyl- 
aminoethanol as follows: 


NHs 


COOCHjCHiN 


/ 






+ H,0 


C2H5 


CiH* 


NH;<: ^ ^ COOH + HOCHjCHjN; 


/ 


CiHs 


The diethylaminoethanol is further metabolized but the nature of this trans- 
formation is not yet known. 

Procaine and its transformation ■products found in plasma. Two grams of 
procaine were administered to 5 subjects by intravenous infusion over periods 
of 45 to 125 minutes. The concentrations of procaine in plasma were consistently 
low during the infusion (table 4—2 typical experiments). The diethylamino- 
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ethanol and total p-anunobenzoic acid levels on the other hand were relatively 
high and rose steadily during the time of the infusion. At the termination of 
the infusion, the plasma levels of procaine soon were negligible, whereas those 
of diethylaminoethanol and total p-aminobenzoic acid persisted for some time. 
These results indicate that procaine, after its intravenous injection, is hydrolyzed 
in the body at an unusually rapid .rate. 

The role oj plasma in the breakdown of procaine. The extent to which the 
enzyme in plasma is responsible for the breakdonm of procaine was investigated. 
Procaine was added to fresh human plasma at 37°C to a concentration of 5 
micrograms per cc. Samples for procaine analysis were taken in 1, 2, 3, and, 
6 minutes. It is evident from the results that procaine was hydrolyzed extremely 
rapidly in plasma in vitro (table 5). Eighty to 103 per cent of the procaine 
broke down mthin 2 minutes (4 experiments). The derived products were 
identified as p-aminobenzoic acid and diethylaminoethanol by means of the 
distribution technique as described imder methods. 

TABLE 5 


T/ie in vilro hydrolysis of procaine in human plasma at S7°C. 

One-tenth cc. of 0.02 per cent procaine eolution was added to 4 co. of plasma. The e.\tent 
of hydrolysis is expressed in percentage of the amount of procaine added to the plasma. 


‘ TDCZ 

PIASUA A 

FZA.S3IA S 

1 

VIASMAC 

TLASUA P 

fiinuUs 

1 fer ctni 

ptr cent 

per ctnl 

pgr cent 

1 

55 

89 

72 

83 

2 

SO 

100 

87 

97 

3 

91 

100 

96 

99 

6 

100 

100 

100 

100 


It is generally considered that the liver is the major site for the destruction 
of local anesthetics, including procaine (12). These conclusions were derived 
from experiments in which the drugs lost their toxicity after perfusion through 
aiumal livers. Also, animals with damaged livers were found to be more sus- 
ceptible to the toxic actions of local anesthetics (12). On this basis, it has been 
suggested that their extensive use should perhaps be avoided in patients with 
severely diseased livers. The results reported here suggest that the liver is not 
an important site for the transformation of procaine, at least in the human. 
The intravenous infusion of procaine at a rate of 20 mgm. per minute resrdted 
in plasma levels of about 0.2 mgm. per liter as noted above. The rate of trans- 
formation of procaine by the body may be assumed to equal the infusion rate 
since the urinary excretion of procaine is negligible. Assuming that the hepatic 
plasma flow is a liter per min ute and that the plasma is completely cleared of 
procaine at each passage of blood through the liver, the liver could hydrolyze 
only 0.2 mgm. of the drug each minute. Since 20 mgm. of procaine are being 
hydrolyzed per minute in the body, the compound must be transformed mainly 
by extra-hepatic mechaniEms. The rapid rate of hydrolysis of the procaine in 
plasma in vitro shown above, suggests the plasma to be the main site of procaine 
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break-down. The major factor in determining the safety of a particular local 
anesthetic drug may well be the speed at which it is hydrolyzed by plasma. 

Preliminary work indicates that local anesthetics including procaine are more 
stable in dog plasma than in human. It is possible that in some species, the 
liver may play a more important role in the hydrolysis of these esters. 

Discussion. Diethylaminoethanol possesses a trialkylamino group. This 
group is also present in procaine and many other compounds which possess in 
common some or all of the following pharmacological properties: local anesthesia, 
quinidine-like action on the heart, spasmolytic action on smooth muscle, anal- 
gesia, and anti-allergic action. Examples of other compounds that also have 
most of these properties are demerol, benadryl and quinidine. The extreme 
rapidity with which procaine disappears from the plasma and the relative 
persistence and high concentration of diethylaminoethanol, suggests that the 
latter might account for some of the pharmacological properties ascribed to the 
jjarent drug. It therefore seems desirable to compare its properties with those 
of procaine. These studies are now in progress. 

SUMMABT 

1. Methods are described for the estimation of procaine and its transformation 
products in biological fluids and tissues in vivo. 

2. The first step in the metabolism of procaine after its intravenous admin- 
istration to man was shonm to be hydrolysis to diethylaminoethanol and 
p-aminobenzoic acid. The hydrolysis takes place with unusual rapidity. Di- 
cthylaminoethanol is further metabolized in large part, but the nature of its 
transformation is not known. 

3. The hydrolysis of procaine occurs mainly in the plasma. 
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W. E. HAltBOUEGER, HOMER B. FREESE, MARTIN M. WINBURY and 
PATRICIA. M. MICHIELS 

Pharmacology Laboralories, Research Department, G. D. Searle and Co., Chicago 
Received for publication August 12, 1948 

Aminophylline is one of the most valuable remedies used in the treatment of 
bronchial asthma in man (1). Diphenhydramine, on the other hand, like the 
other antihistaminio drugs, has proved relatively ineffective in this condition. 
Recently Segal el al. (2) reported that the intraveilous injection into asthmatic 
persons of histamine or acetyl-d-methylcholine chloride (mecholyl) produces a 
marked diminution in vital capacity. Some patients state that mecholyl pro- 
duces sjTnptoms more nearly resembling their spontaneous asthmatic attacks 
than does histamine (3). These observations of Segal and his associates suggest 
that mecholyl bronchospasm may be used as a laboratory tool to investigate the 
potential anti-asthmatic action of drugs. In this laboratory aminophylline and 
diphenhydramine have each been foimd effective in protecting guinea pigs from 
fatal bronchospasm induced by mecholyl aerosol. 

This is the report of an investigation into the nature of the protective action 
of combinations of aminophylline and diphenhydramine against such fatal 
bronchospasm in the guinea pig. The report also includes the acute intraperi- 
toneal toxicity of these combinations in the same species. 

The method of Loew, Kaiser and Moore (4) for studying protection against fatality in- 
duced in guinea pigs by a histamine spray, has been adapted for this study' by substituting 
u 2.4 per cent solution of mecholyl for histamine. Guinea pigs react to the mecholyl vapor 
'u a fashion very similar to their response to histamine vrith a mortality consistently near 
100 per cent. This concentration (2.4 per cent) has, therefore, been used in all the experi- 
nie nts described below. 

In addition to diphenhydramine and aminophylline used individually, the two drugs 
have been combined in three ratios: one weight of diphenhydramine with one, two and four 
’'^eights, respectively, of aminophylline. For the convenience of water-solubility, the 
hydrochloride salt of diphenhydramine was used, but dosages are reported in terms of the 
base. Mixtures were prepared immediately before use by combining clear solutions of the 
twodrugs. This produces amilky suspension which does not settleformany hours. These 
five preparations were admirvistered intraperitoncally fifteen imnutes before exposing the 
guinea pigs to the mecholyl aerosol. Similar preparations were used for determining acute 
intraperitoneal toxicity. 

Death from the mecholyl aerosol regularly occurs within IS minutes after introducing 
the mist; therefore, fatalities in treated animals occurring within this 15-minute interval 
have been included in the tabulation of results. A few of the highest doses of the “l-}-4” 
mixture were toxic per sc and killed after 45 minutes, an observation also noted for these 
same doses in the toxicity tests. 

For all the studies, guinea pigs of both sexes weighing between 230 and 300 grams were 
used. They were obtained from a single dealer as thoroughly mixed stock from several of 
his regular breeders. 
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Protection against mccholyl bronchospasm was generally determined on sixteen guinea 
pigs for each dose, except in three instances (noted in table 1) where larger numbers were 
used. The dosages were b.ised on a logarithmic scale to facilitate later statistical analysis. 
Table 1 gives the range of these doses together with their resulting porcentago protections. 

The toxicity studies were conducted on two separate groups of otherwise untreated 
guinea pigs. Deaths observed up to about hours arc reported, A few deaths occurring 
after this time were excluded because they were isolated and seemed more like the occasional 
"spontaneous” deaths which occur regularly among stock pigs in the laboratory'. The data 
for the two scries were consistent and have been pooled for tabulation in table 2. 

Analysis of results. The method for evaluating dose-effect data recently 
described by Wilco.xon and Litchfield (5) has been used. The horizontal rows 

TABLE 1 


Protection from mccholyl aerosol by various dosayc^comhinations of diphenhydramine and 

aminophylline 

(All doses in mgm. per kgm. on 16 guinea pigs, except as noted) 


»AT10 OT D 4* A 

DOSE (O +A)* 
% PSOTECTIOW 

DOSE (0 + a) 
% PBOTTCTIOJ/ 

DOSE (d+ a) 

% MOTEcno>: 

DOSE fO + A) 

% rsoTEcno?^ 

DOSE (d + a) 

% PROTECTIO'f 

DOSE (O + a) 

% PSOTECnO-V 

1 -b 0 

6 

9 

WEM 

20 

30 

45t 


0% 

6% 

mm 

19% 

25% 

90% 

1 + 1 

12 

18 

27 

40 

60 



12% 

0% 

6% 

44% 

69% 


1 -f- 2 

18 

27 

40.6 

60t 

90 



0% 

6% 

37% 

50% 

81% 


1-1-4 

30 

45 

67.5t 

100 

150 



12% 

25% 

64% 

44% 

81% 


0 -b 1 

24 

36 

54 

80 

120 



0% 

6% 

25% 

12% 

69% 



• D = Diphenhydramine; A = Aminophylline. 
t 20 guinea pigs, 
j 36 guinea pigs. 


in table 1 give the per cent protection obtained with the doses of each of the five 
ratios of diphenhydramine and aminophylline. tVTien these per cent protections 
are plotted against their respective dosages (D-f-A) on logarithmic-probability 
paper, each series of points is fitted with a straight line whose goodness of fit, for 
a probability of 0.05, is verified by the Chi-square test. Toxicity data have been 
evaluated in the same manner. The experimental EDso and LDjo values, the 
slope of the lines from which these are obtained, and the factors for calculating 
their respective parameters are given in table 3. The lines do not diverge signifi- 
cantly from parallelism in either the case of the protection or the case of the 
toxicity data. 

Bliss (6) has suggested that drugs with parallel dosage-response curves, such 
as those described above, may have additive combined actions. To test this 
hypothesis, use has been made of the EDco and LDjo data in table 3. When each 
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TABLE 2 


Acute intraperitoneal toxicity of various dosage-combinations of diphenhydramine and 

aminophyliine* 


TOTALI>OSED+A 

UGIC/CCU. 

KATIO OTD + A 

1-1-0 

1-1-1 

1-1-2 

1-ht 

0-1-1 


40 


0/6 




45 

0/6 





60 

1/10 

2/6 0/10 

0/6 



70 

0/6 



0/6 


SO 

5/10 

4/10 

0/10 

0/10 


90 


4/6 

0/6 



■100 

4/6 



2/6 


110 

9/10 

6/10 

2/10 

0/10 

0/10 

140 


4/6 

4/6 



150 




3/6 

2/6 

155 

6/10 

8/10 

7/10 

6/10 

4/10 

200 


5/6 




210 



6/6 9/10 

10/10 

9/10 

230 




5/6 

6/6 

295 





10/10 

350 





6/6 

450 




6/6 



* Six guinea pigs were used for each dose in the first experiment and ten for each dose in 
the second experiment. 


TABLE 3 


Calculated data on therapeutic and toxic actions of diphenhydramine and aminophyliine 

combinations 


lATIO OF 

JCCCHOLYL AUOSOL TESTS 

INTEAPESITOKEAL TOXICITY 


EOm t tngm.Agni. 

'ED.i t 

Slope 

*SIope T 

XJ)i9 t 

'LDk J 

Slope 

^Slope t 

1 + 0 

33.5 

(33.5 -f 0) 

1.33 

2.05 

1.40 

82.5 

(82.5 -f 0) 

1.17 

1.31 

1.17 

1 + 1 

46.2 

(23.1 + 23.1) 

1.30 

1.69 

1.30 

102 

(51.0 + 51.0) 

1.22 

1.46 

1.25 

1 -1- 2 

66.6 

(18.8 + 37.7) 

1.19 

1.69 

1.21 

131 

(43.7 -i- 87.3) 

1.16 

1.31 

1.16 

1 -1- 4 

77.0 

(15.4 -4- 61.6) 

1.26 

2.00 

1.28 

164 

(30.8 -i- 123.2) 

1.23 

1.35 

1.21 

0 + 1 

104 

(0 + 104) 

1.28 

1.85 

1.35 

172 

(0 + 172) 

B 

1.33 

1.15 


•D “ Diphenhydramine; A = Aminophyliine. 

t In each entry the upper number is the sum of D -h A and the pair of numbers in paren- 
theses arc the individual D and A values. 

t The "f" of a term is the factor by which that term is multiplied and divided to deter- 
mine its confidence limits at P = 0.05. 
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diphenhydramine component is plotted against its respective aminophylline 
component, two series of five points are obtained to which lines can be fitted 
closely by the method of least squares. These two lines, mth their respective 
equations, are shomi in figure 1. The close agreement of the data to the lines 
is apparent. 


s 



Fta. 1. Relationship of Diphenhtdiiamine and Aminophtlline Components 

IN THE EDto AND LD|o DoSES FOR THE VARIOUS ^IlXTURES 

These equations in figure 1 give constants which equate the doses of diphen- 
hydramine and aminophylline for equal effects. In other words, 

1 gram diphenhydramine s 3.22 grams aminophylline 

for equivalent protection of guinea pigs from bronchospasm due to mecholyl 
aerosol ; and 

1 gram diphenhydramine = 2.17 grams aminophylline 

for equivalent mortality from intraperitoneal injection in guinea pigs. Any dose 
of diphenhydramine alone or in combination with aminophylline can, therefore, 
be converted into terms of aminophylline (and tn'ce versa). When the original 
doses are so converted into terms of aminophylline and these equivalent doses 
are plotted against the responses (6), the resulting curves do not differ signifi- 
cantly from the original dosage-response curves for aminophylline. Chen (7) in 
similar experiments using epinephrine and diphenhydramine found that the joint 
protective effects against histamine spray are additive while the to.xic effects at 
low dosages of diphenhydramine are "synergistic in nature.” In the present 
e.xperiments, both the protection from mecholyl aerosol and the toxicity data 
indicate simple addition for diphenhydramine and aminophylline. 
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BUMMAHT AND CONCLUSIONS 

1. Diphenhydramine and aminophylline, alone and in combination, are effec- 
tive in preventing fatal bronchospasm induced in guinea pigs by a mecholyl 
aerosol. 

2. When used in combination, the protective and intraperitoneal lethal actions 
are additive in nature. 

3. For protection, 1 gram of diphenhydramine is equivalent to 3.22 grams of 
aminophylline. In the case of intraperitoneal toxicity, 1 gram of diphen- 
hydranune is equivalent to 2.17 grams of aminophylline. 

Acknowledgement. The authors are grateful to Dr. C. I. Bliss for his kindness 
in reviewing the statistical approach used in this report. 
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Received for publication August 13, 1948 

One of the chief difficulties in the study of the physiological and pharmacologi- 
cal action of rutin and other compounds presumed to produce specific effects 
upon certain capillary properties is the lack of satisfactory methods to demon- 
strate such effects. Recently Griffith and associates (1) reported that rutin 
hastened recovery from irradiation injuries in experimental animals. Ambrose 
and DeEds (2) demonstrated that large doses of rutin reduced the capillary 
permeability caused by local application of chloroform or injection of histamine 
as determined by the trypan blue method. Wilson and co-workers (3, 4) claim a 
slight decrease of histamine toxicity in guinea pigs by pretreatment with rutin. 
Raiman et al. (5) reported that rutin treatment greatly reduced the fatality rate 
due to anaphylactic shock in guinea pigs; however Roth and Shepperd (6) in 
this laboratory found only slight, if any, protective effect of rutin against ana- 
phylactic shock, and none against the LDmo of histamine. 

This publication concerns itself with studies of the action of rutin upon the 
capillaries by another procedure which permits a more quantitative evaluation 
of its effect. 

Richards (7) reported that sodium bisulfite (NaHSOj) increased the toxicity 
of epinephrine if these two compounds were injected simultaneously at the same 
site subcutaneously or intramuscularly. No increase of toxicity was noted when 
the drugs were injected at separate places or if they were given intravenously. 
He concluded that sodium bisulfite exerts a specific effect upon the capillaries 
which permits epinephrine to enter the blood stream at an accelerated rate. 
These observations have been confirmed by others (8, 9). 

Richards et al. have shown that this action of the bisulfite ion is not confined 
to epinephrine but is present also with other drugs, as for instance procaine (10, 
11). Increased capillary permeability caused by sodium bisulfite was demon- 
strated by Tainter (12) with the trypan blue method. 

Rats of both Be.ves usually weighing between 120 and 170 grams wore used. Epinephrine 
base was dissolved according to the instructions of USP XIII. Such solutions, containing 
1.0 mgm. epinephrine base per cc., with or without the addition of 2 mgm. sodium bisulfite 
per cc., were injected intramuscularly into the hind legs of rats. Rutin solutions were pre- 
pared freshly daily. One gram of rutin powder was suspended in some water and 0.69 gram 
mothylglucamine base was added. The rai.\ture was diluted up to 10 cc., slightly heated 
and well shaken. This usually resulted in a complete solution of the rutin at a pH of 7.6 to 
8. Unless otherwise indicated rutin was given by slow intravenous injection. The EDm of 
epinephrine hydrochloride in rats was previously found to be 2.56 rogm./kgro. by intra- 
muscular injection (7), but varies considerably with the strain of rats. In the present study 
the LDm was found to be approximately 4 mgm./kgm. In this investigation we preferred 
to use dose levels which would kill the majority of the animals. A dose of 0.9 mgm./kgm. 
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epinephrine and 0.2 per cent eodium bisulfite killed 9 out of 10 animals and 1.0 mgm./kgm. 
was fatal to 19 out of 21 (part A of figure 1). Thus the great difference between the toxic 
effect of plain epinephrine solutions and those containing sodium bisulfite was confirmed. 

Doses of 100 to 125 mgm. rutin per rat, injected intravenously, produced 
symptoms of weakness and depression. A dose of 75 mgm. or less caused only 
slight depression. Rats were injected with 50 or 75 mgm. rutin, respectively, 
into the tail vein. After ten minutes had elapsed epinephrine with sodium bisul- 
fite was administered intramuscularly. The results of these experiments are 
shotrn in a graphic manner in figure 1, part A. It is evident that vdth 50 mgm. 
rutin a marked reduction of fatalities occurred. An equivalent amount of a 
methylglucamine hydrochloride solution adjusted to the same pH provided no 
protection against subsequent administration of such epinephrine sodium bisul- 
fite mixtures. 


A- EPINEPHRINE HCl 0.1% NaHSO^ 0.2% B-EPINEPHRINE HCt 0.1% PLAIN 


I00| 

75 

FATAL 

25 








4.0 5.0 




i 


Vi 


1 


I 

I 




I 

i. 


% 

FATAL 

25 


HONE HONE SO 75 75 HONE HONE HONE 75 


l^m. 1. Epinephrine data refer to the base. Rutin solubilized by methylglucamine given 
lOminutes prior to the epinephrine. All injections were made i.m. in rata. Figures within 
Uie columns = number fatal/number injected. 


rutin. 


It was obviously necessary to investigate the effect of rutin upon the toxicity 
of an epinephrine solution alone, as shown in part B, figure 1. It can be seen 
that pretreatment with 75 mgm. rutin intravenously did not reduce, but slightly 
uicreased, the fatalities following the injection of 5 mgm./kgm. epinephrine. 
Thus the action of rutin cannot be explained by a direct effect upon epinephrine 
to-xicity. 

It was observed that the urine of rats which had been injected with rutin soon 
showed the typical rutin color. Other investigators had already pointed out 
that rutin exerts its effect probably only for a limited period of time. For this 
reason the duration of action of rutin was studied. Seven groups of 8 to 10 rats 
each were formed. All were injected with 75 mgm. rutin intravenously and 0.9 
mgm./kgm. epinephrine plus 0.2 per cent sodium bisulfite was given intramuscu- 
larly after 10, 30, 45, 60 or 100 minutes, respectively, to the separate groups. 
The results can be seen on figure 2; at the end of one hour the fatalities were 
about one-half that found without rutin treatment. 

In view of the statement in the literature (3) that rutin sensitizes the isolated 
uterus to the effect of epinephrine and that such action is probably due to a pro- 
tection of the epinephrine by the rutin, we investigated whether or not a sensi- 
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tizing effect of rutin towards epinephrine action could be demonstrated by other 
methods. Perfusion of the isolated frog leg .ivith Ringer solution by the Laewen 
Trendelenburg method was used. The actions of epinephrine and rutin were 
studied on three such preparations. One- tenth cc. of epinephrine hydrochloride 
solutions in concentrations of 1:200,000 to 1:1,000,000 was injected into the 
rubber tubing just above the cannula and the percentage reduction of the drop 
rate determined. After several control tests were made the preparation was 



Fio. 2. Seven groups of rats were injected with 75 ragm. rutin i.v. and 0.9 mgm./kgm. epi- 
nephrine with 0.2% sodium bisulhte i.m. at stated intervals. 

perfused with a Ringer solution containing 0.05 per cent rutin. Higher concen- 
trations of rutin produced a slight vasoconstriction of their otvn. After this 
rutin-Ringer solution had perfused for a few minutes the injections with epineph- 
rine were repeated as above. The degree of vasoconstriction during this phase 
of the experiment was sometimes, but not consistently, greater than before the 
addition of rutin. Accordingly we did not feel that these experiments could 
serve as sufficient evidence to show a sensitizing effect of rutin to epinephrine. 

In other experiments an attempt was made to demonstrate a sensitizing effect 
of rutin upon the typical vasopressor action of epinephrine in cats. The rise of 
blood pressure after injections of small amounts of epinephrine hydrochloride 
in anesthetized cats was recorded. This was repeated after a constant intra- 
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venous infusion with a rutin methylglucamine solution (1-11 mgm./kgm./min.) 
had been started and continued for about 5 min utes. Because the results were 
equivocal they are not given in detail. Occasionally the reaction to the epineph- 
rine test dose seemed to be slightly (10 to 20 per cent) greater after than before the 
mtin infusion. However, in other trials no such effect was observed. During 
infusions vrith 3-11 mgm./kgm. per min , rutin, a slight rise of blood pressure 
(about 20 mm. Hg) was sometimes seen. 

In a previous investigation (11) it was shown that sodium bisulfite increases 
the toxicity of intramuscularly injected procaine to an even greater extent than 
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that of epinephrine. The effect of rutin upon this phenomenon was investi- 
gated. Rats were used for these experiments. Injections of 175 mgm./kgm. of 
procaine with 0.1 per cent sodium bisulfite is convulsive in approximately 80 per 
Cent of the animals, and fatal in about 20 per cent. "With 500 mgm./kgm. the 
incidence of convulsion is 100 per cent with 80 per cent fatalities. Rats were 
injected intravenously with doses of 15, 25, or 75 mgm. rutin, and procaine 
hydrochloride with the sodium bisulfite was administered intramuscularly ten 
niinutes later. The results are given in figure 3. The left upper quadrant of 
this figure shows the results obtained against the smaller dose of procaine. Pre- 
treatment with 25 or 75 mgm. rutin reduced both fatality and convulsive rate to 
0. In further experiments 10 rats were pretreated with 15 mgm. rutin; none died 
and 3 comnilscd following the procaine injection, indicating a definite protective 
effect of this dose. 
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This protective action of rutin against the toxic etTccts of procaine is even more 
strikingly sho^\•n bj’ the results obtained after the injection of 500 mgm./kgm. 
procaine with sodium bisulfite. These data are given in the right upper quad- 
rant of figure 3. As little as 15 mgm. rutin reduced the fatality rate from approx- 
imately 80 per cent to about 25 per cent, but did not prevent the occurrence of 
convulsions. IVlien the amount of rutin was increased to 25 mgm. none of the 
animals died and 33 per cent of them had convulsions. Wth 75 mgm. both 
fatalities and convulsions were abolished. 

As will be remembered, we had investigated the possibility that rutin might 
reduce the to.xicity of epinephrine alone. Similar experiment with procaine 
appeared indicated. Procaine hydrochloride given intramuscularlj' to rats 
possesses a relatively low toxicity. At a dose of 1800 mgm./kgm. of procaine 
approximately 85 per cent of the animals die and all e.xperience concisions. 
In animals injected with 25 mgm. rutin intravenously 10 minutes prior to this 
dose of procaine the fatality rate was reduced to approximately 12 per cent and 
the incidence of convulsions to about 57 per cent (lower figure 2). With 75 
mgm. rutin there were no fatalities or condsions. Thus a difference was noted 
between the e.xperiments uith procaine and corresponding ones with epinephrine, 
inasmuch as rutin reduced the toxicity of epinephrine with sodium bisulfite but 
did not affect the toxicity of epinephrine hydrochloride solutions, while the to.xic 
effects of procaine either with or without sodium bisulfite were favorably influ- 
enced by pretreatment mth rutin. 

This observation made it necessary to investigate whether or not the reduction 
in toxicity of procaine is based upon a systemic effect rather than upon a periph- 
eral action upon the speed of procaine absorption. For this purpose we injected 
procaine intravenously into rats after rutin pretreatment. It was found that 
50 or 75 mgm. rutin did not affect the incidence of convulsions or the fatality 
rate after intravenous administration of 55 mgm./kgm. procaine, which is the 
approximate LDjo. Thus a systemic antagonistic effect of rutin upon procaine 
toxicity could be excluded. 

Because of the results obtained with procaine it appeared desirable to investi- 
gate another convulsant drug to study the effect of rutin and sodium bisulfite 
upon the incidence of convulsions and fatality. Pentamethylene tetrazol (metra- 
zol) was chosen. Each of 12 rats injected intramuscularly with 75 mgm./kgm. 
metrazol experienced convulsions while 7 of 12, or 58 per cent died. These ex- 
periments were then repeated by giving somewhat smaller doses, namely 45 and 
60 mgm.As™- metrazol mixed -with 0.1 per cent sodium bisulfite to sLx rats 
each. An effect of sodium bisulfite, as observed wth epinephrine and procaine, 
should result in a high incidence of convulsions and some fatalities mth these 
otherwise non-fatal doses. However, only one of the rats Injected with these 
doses had convulsions; thus it may be concluded that sodium bisulfite does not 
significantly affect the toxicity of intramuscularly administered metrazol. 

Ten rats were injected nfith 75 mgm. rutin intravenously followed 10 minutes 
later by 75 mgm./kgm. metrazol intramuscularly. Sixty per cent of these rats 
had convulsions and 50 per cent died. This does not indicate a statistically sig- 
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nificant reduction of the toxic effects of metrazol by previous rutin adminis- 
tration. 

Reference has been made above to the paper by Ambrose and DeEds (2) who 
had shown that rutin reduces the capillary permeabilit 3 '^ following local application 
of chloroform or intradermal injection of histamine in the skin of white rabbits. 
We have eonducted similar experiments in a modified form. White rabbits of 
to 2| kgm. weight were'injected with 200 mgm. per animal rutin in methyl- 
glucamine solution, followed 15 minutes later by 5 cc. of a 1 per cent trypan blue 
solution intravenously. W^e noticed frequently that the general bluish discolora- 
tion of imtreated rabbits following the trypan blue injection was noticeably 
stronger than in those pretreated with rutin. This seemed to be due only parti- 
ally to the slight yellowish hue imparted by the rutin. It was also evident that 
the vessels of the ears appeared more constricted after the rutin injection. These 
effects were particularly noticeable for the first hour, after which time the rutin 
treated animals show slowly increasing discoloration. Minor skin abrasions or 
injuries show up particularly well the reduction of blueness in the rutin treated 
animals as compared with imtreated controls. 

These experiments -were further elaborated by using intradermal injections of 
sodium bisulfite. Tainter (12) had alreadi' shown that this procedure permits 
the demonstration of skin irritation by the trypan blue test. In our experiments 
we have used white albino rabbits w'hich were injected ivith sodium bisulfite 
concentrations of 0.3 per cent to 0.6 per cent in isotonic saline solution. Intra- 
dermal wheals of 0.25 cc. each were made on the belly and the ear of such animals, 
piis was followed 15 minutes later by 5 cc. of a 1 per cent trypan blue solution 
intravenously. In 8 rabbits it was foimd that 0.3 per cent sodium bisulfite 
caused marked blueness on the site of the wheal in approximately 80 per cent 
of the cases; a 0.6 per cent solution always caused blueness. Other rabbits were 
treated identically, but 200 mgm. rutin were given intravenously 20 minutes 
nfter the intradermal injections and 15 minutes prior to the injection of the dye. 
This resulted in the prevention of dj'e appearance in most of the wheals injected 
With 0.3 per cent of sodium bisulfite and great reduction of the blueness in the 
^3t. There was also prevention of dye appearance in some of the places in- 
jected with 0.6 per cent of sodium bisulfite and a definite reduction in most of 
the others. 

The above described experiments had shown that rutin reduces the systemic 
toxicitj' of procaine with or without bisulfite, but not the toricity metrazol. The 
effect of these two drugs upon capillary permeability was studied using the ab- 
dominal skin of white guinea pigs rather than rabbits. Intradermal injections 
of 0.2 cc. were made with 2 per cent procaine or metrazol, each with and without 
0.3 per cent sodium bisulfite. This concentration of sodium bisulfite alone pro- 
duces only a faint degree of blueness after injection of trypan blue. About 5 to 
10 minutes after the injection of the wheals 1 to IJ cc. of a 1 per cent solution of 
trypan blue was injected intravenouslj'. Five guinea pigs were used for these 
e.’^nments. Metrazol, with or without sodium bisulfite, caused no or onlj' a 
slight bluish discoloration at the places of the wheals in 3 of these animals. In 
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4 of them procaine alone caused a definite blueing of the wheals; tliis was more 
pronounced mth procaine plus sodium bisulfite. 

Discussion. The terms capillary fragility and capillaiy permeability are 
rather loosely used as pointed out by Landis (13). Clinically, rutin is used for 
the treatment of capillary fragility and the tests which have been devised to 
signify the presence of an increased caplllarj'- fragility, as for instance the Gothlin 
(14) inde-v, are certainly more apt to measure this quality than a permeability 
effect. Only recently Shanno, Griffith, and LaMotte (15) have indicated that 
patients having increased capillary fragility may also possess an increased capil- 
lary permeability as shoum by measurement of the cutaneous l3miphatic flow. 
After administration of rutin a reduction to normal values was frequently ob- 
served with both tests. Thomas (16) saw a favorable effect of rutin upon the 
albuminuria of one of two nephrotic patients and mentions the possibility that 
“fragility” and “permeability” of capillaries may be based upon some common 
factors. On the other hand Oersike and Ureen (17) were unable to decrease the 
proteinuria induced by bovine albumin in rats bj' rutin. The findings of Ambrose 
and DeEds (2) indicate the reduction of increased capillarj’ permeability in the 
skin caused by local irritation or histamine injection. It is noteworthy that 
Harley and others (18) have failed to demonstrate a vasomotor effect of rutin 
and related compounds upon the mesoappendbe preparation of Zweifach and 
Chambers. These authors have quoted earlier work with other flavones related 
to rutin which has yielded discordant results in the hands of various investigators. 
In some of our experiments a slight elevation of blood pressure followed the 
infusion of 3-4 mgm./kgm. per min. of rutin in cats, and some vasoconstrictor 
effects could be shomi on the isolated frog legs. Crismon (19) claims that rutin 
augments the vasomotor effect of epinephrine on the mesoappendi.\' preparation. 

The effects of sodium bisulfite upon capillaries is probably closely related to a 
toxic increase in permeability and possibly involves an increase of local blood 
flow. Indeed, Tainter and associates (12) observed intense hyperemia after 
intradermal injections of weak concentrations of sodium bisulfite in the human 
forearm. 

It should be realized that an essential difference must exist between the action 
of sodium bisulfite and of histamine inasmuch as no wheal type response occurs 
after intradermal injection of sodium bisulfite in concentrations of 0.1-0.6 per 
cent. 

The action of sodium bisulfite to increase the tojacity of certain drugs, such 
as epinephrine and procaine, cannot be explained solely on the basis of local irri- 
tation due to physical chemical properties. This has been shown by earlier work 
(7) which failed to achieve similar effects with other compounds having a corre-- 
sponding acidity, reducing ability, or a combination of both. For this reason it 
appears justified to describe these actions of sodium bisulfite briefly as the “bisul- 
fite phenomenon,” even if the complete mode of action cannot be fully explained 
at the present time. Tainter (12) stated that the addition of epinephrine to the 
sodium bisulfite solution prevents the visible appearance of hyperemia if such 
mixtures are injected into the skin of the human forearm. Thus it is obvious 



RUTIN EFFECT UPON THE CAPrLLARIES 


379 


that epinephrine can overcome the irritating vasodilating effect of sodium bisul- 
fite but not certain other actions which result in a faster absorption of epineph- 
rine. This particular effect of sodium bisulfite can be successfully overcome by 
rutin, and a quantitative relation exists between the amoimts of rutin used and 
the reduction of toxicity of such epinephrine-bisulfite mixtures. As discussed 
above, rutin may possess a slight vasoconstrictor action of its own, but this effect 
would certainly be negligible if compared with the powerful action of epinephrine. 
Inasmuch as capillary fragility is less likely to enter into the consideration of our 
particular experiments one may assume that the effectiveness of rutin in reducing 
the toxicity of epinephrine-sodium bisulfite mixtures must be directed against 
the phenomenon which is generally described as increased capillary permeability, 
lymph flow or exchange of fluid between the interstitial spaces and the circula- 
tion. A systemic antagonistic action of rutin against epinephrine has been ex- 
cluded by observing that the toxicity of epinephrine hydrochloride solution is 
not decreased, in fact perhaps somewhat increased, by rutin. The relatively 
short duration of action of rutin is well illustrated in figure 1. The fact that an 
S-shaped curve resulted may indicate that eertain specific actions of rutin are 
present only at higher concentrations and are rapidly lost as the tissue level 
decreases. 

pie protection obtained with rutin against the toxic and fatal effects of pro- 
caine was shown to be two fold: both against the increased toxicity caused by 
the addition of sodium bisulfite, and also against procaine hydrochloride itself. 
A. systemic antagonism of rutin against procaine has been excluded by the ab- 
sence of an effect of rutin upon intravenously administered procaine. 

In contrast to these findings no effect of sodium bisulfite was noted upon the 
toricity of metrazol nor any significant reduction of metrazol toxicity by rutin 
pretreatment. In order to understand the probable mechanism of action in- 
volved in these phenomena it is necessary to define some conditions which deter- 
mine whether or not the toidcity of a drug will be affected by the presence of 
sodium bisulfite. It was found that drugs which are potentiated by bisulfite 
have one feature in common, namely, a wide margin between the intravenous 
toidcity of such compounds and their toxicity by subcutaneous or intramuscular 
administration. The presence of such a margin appears to be necessary but is 
perhaps not a sufficient condition for the demonstration of a positive “bisulfite 
phenomenon”. As already indicated earlier (7) the fatal dose of epinephrine 
given intramuscularly to rats is about 15 times larger than the intravenous dose. 
For procaine this relation is about 33 to 1 (12). It follows that any action which 
greatly speeds the absorption rate will increase the toxicities of such drugs. This 
13 precisely what sodium bisulfite does and to which rutin shows antagonism. 
In agreement with published data (20) we found 75 mgm./kgm. of metrazol to 
bo fatal to 58 per cent of rats by intramuscular iniection, while the intravenous 
lethal dose is stated to be 50 mgm./kgm. Ob\'iously the gradient between these 
two doses is very' small and no significant difference can be expected by an in- 
creased rate of absorption. 

This still leaves une.xplained the antagonistic effect of rutin against the toxic 


380 


n. K. RICHARDS AND K. E. KUETER 


effects of plain procaine solutions. It is well known that procedures which retard 
the absorption of local anesthetics decrease their sj'stemic toxicity. The possi- 
bility of rutin exerting a slight vasoconstrictor effect by itself or sensitizing the 
capillaries to the constrictor action of epinephrine has been mentioned above. 

Procaine in concentrations of 1 and 2 per cent e-xerts a definite dilating effect 
upon the vessels of the perfused hind legs of frogs. This effect is reduced during 
perfusion with a 0.05 per cent rutin solution. The large doses of procaine admin- 
istered to our rats made it necessarj’ to use 10 per cent procaine solutions. Such 
concentrations of procaine produce a local vasodilating effect. Additional ca- 
dence for a capillary action of procaine is to be found in the effects obsen'ed after 
the injection of procaine mth and without sodium bisulfite in the skin of guinea 
pigs. In most instances a definit€l 3 ' increased capillarj' permeabilitj' is indicated 
by the appearance of the trypan blue at the place of injection. This was less 
noticeable mth the use of corresponding metrazol solutions. The possibility of 
making use of these actions of rutin in the study of absorption of other drugs 
remains open for further investigation, while on the other hand the “bisulfite 
phenomenon” could provide a tool in the pharmacologic study of drugs which 
may possess rutin-like effects upon the capillaries. 

SUlQURr 

1. Reference is made to earlier w’ork demonstrating the ability of sodium bisul- 
fite to augment the toxicity of certain drugs bj' hastening their absorption from 
intramuscular and subcutaneous sites. 

2. The increase of epinephrine toxicity in rats caused by sodium bisulfite w’as 
abolished by previous administration of rutin, whereas the toxicity of epinephrine 
HCi solution alone was not affected by rutin. 

3. Rutin pretreatment decreased the toxicity of procaine HCI solutions with 
and without sodium bisulfite; in contrast, metrazol toxicity was not affected. 

4. The conditions which enable sodium bisulfite to increase the toxicity of 
certain drugs are considered and the name “bisulfite phenomenon” is suggested 
for this action. 

5. The effect of rutin upon certain fimctions of the capillaries is discussed with 
particular reference to the “bisulfite phenomenon”. 

6. The antagonism between the bisulfite phenomenon and rutin as described 
in this work makes feasible quantitative studies of certain actions of this flavone. 
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efTects of plain procaine solutions. It is well known that procedures which retard 
the absorption of local anesthetics decrease their sj'stemic toxicity. The possi- 
bility of rutin exerting a slight vasoconstrictor effect by itself or sensitizing the 
capillaries to the constrictor action of epinephrine has been mentioned above. 

Procaine in concentrations of 1 and 2 per cent e.xerts a definite dilating effect 
upon the vessels of the perfused hind legs of frogs. This effect is reduced during 
perfusion with a 0.05 per cent rutin solution. The large doses of procaine admin- 
istered to our rats made it necessar}' to use 10 per cent procaine solutions. Such 
concentrations of procaine produce a local vasodilating effect. Additional evi- 
dence for a capillary action of procaine is to be found in the effects observed after 
the injection of procaine vnth and without sodium bisulfite in the skin of guinea 
pigs. In most instances a definite^' increased capillary permeability is indicated 
by the appearance of the trypan blue at the place of injection. This was less 
noticeable \vith the use of corresponding metrazol solutions. The possibility of 
making use of these actions of rutin in the study of absorption of other drugs 
remains open for further investigation, while on the other hand the “bisulfite 
phenomenon” could provide a tool in the pharmacologic study of drugs which 
may possess rutin-like effects upon the capillaries. 
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2. The increase of epinephrine to.xicity in rats caused by sodium bisulfite was 
abolished by previous administration of rutin, whereas the to.xicity of epinephrine 
HCI solution alone was not affected by rutin. 

3. Rutin pretreatment decreased the toxicity of procaine HCI solutions with 
and without sodium bisulfite; in contrast, metrazol toxicity was not affected. 

4. The conditions which enable sodium bisulfite to increase the toxicity of 
certain drugs are considered and the name “bisulfite phenomenon” is suggested 
for this action. 

5. The effect of rutin upon certain functions of the capillaries is discussed with 
particular reference to the “bisulfite phenomenon”. 

6. The antagonism between the bisulfite phenomenon and rutin as described 
in this work makes feasible quantitative studies of certain actions of this flavone. 
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The literature on the actions of single doses of morphine on the spinal cord has 
been summarized recently by Eddy (1) and Wilder (2, 3). Although addiction 
studies in chronic spinal animals might be expected to contribute to our knowl- 
edge of the neurophysiologic aspects of tolerance to and physical dependence 
upon opiate drugs, no such work has been reported before. While our investi- 
gations on morphine were in progress, we became interested in the addiction 
liability of methadon (6-dimethylamino-4-4-diphenyl-heptanone-3), also known 
as amidonc, 10820, or dolophine, which was introduced in this coimtry by Scott 
and Chen (4). The present paper includes the results of addiction studies on 
morphine and methadon in chronic spinal dogs. 

Methods. Twelve dogs were prepared by aseptic transection of the spinal cord between 
D-10 and D-12 segments under nembutal anesthesia. In the first few animals, a simple 
transection was made and after hemostasis was secured the muscles, fascia and skin were 
closed with silk sutures. In others, a segment of spinal cord 3-5 mm. in length was removed 
and the dura was closed with a silver clip at the site of cordectomy before closing the opera- 
tive wound. No appreciable differences between the two types of preparations were noted 
post-operatively, but removal of a segment of cord afforded objective evidence of complete 
transection before autopsy. 

The preparations required a good deal of care during the early post-operative period. 
The bladder was evacuated by manual compression several times a day, and the perineum 
was kept clean and dry by bathing, drying and dusting with talcum powder. Skin ulcers 
were treated by painting with a 2 per cent aqueous solution of gentian violet and dusting 
with powdered Irish moss. The animals were kept in large cages with a removable, solid 
galvanized iron floor which was covered with old blankets. These were changed frequently 
to keep the hindquarters dry. After 3-6 weeks most preparations required little eare other 
than frequent changes of blankets. The bladder became fully automatic, the skin remained 
free from erosions or ulcers ahd the hindlimb reflexes maintained a stable level. Some of 
the animals learned to “walk” about the cage by raising the hindquarters with the spinal 
muscles above the transection until the footpads came in contact with the floor, when the 
positive supporting reactions came into play. Although there was no coordination between 
fore- and hindlimbs, the animal was able to effect progression movements of the body as a 
whole. Autopsies subsequently showed that the cord had been severed completely and 
that there was no regeneration. Several preparations are still in use 2} years after opera- 
tion. The longest surviving animal thus far lived for 3i years after transection. 

All preparations exhibited the knee jerk, ipsilateral flexor and crossed extensor reflexes, 
ipsilateral and erossed extensor thrusts, Philipson’s reflex, scratch reflex, and also stepping 
movements when the lower limbs were pendent. In the lateral recumbent position, no 
stepping movements or other spontaneous activity occurred. In the present paper, only 

• Preliminary reports : Wilder, A.: Fed. Proe., 4: 141, 1945;Wikler, A., and Frank, K.: Fed. 
Proc., 6: 384, 1947. 
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the knee jerks, ipsilateral extensor thrusts, ipsilateral flexor and crossed extensor reflexes 
and the spontaneous activity of the hindlimbs in the lateral recumbent position are dis- 
cussed. Skin ulcers affected the reflexes markedly. If any ulcers developed during addic- 
tion studies, the dose of drug was maintained and no records of the reflexes were made until 
the skin had healed completely. 

The hindlimb reflexes were elicited in several ways. For knee jerks, automatic devices 
included a solenoid hammer and a "reflex hammer” dropped a fixed distance and at a con- 
stant rate by a motor driven apparatus. The results thus obtained were not superior to 
tapping the patellar tendon with a "reflex hammer” by a trained technician, which was the 
method ultimately adopted. In the earlier experiments, the ipsilateral flexor and crossed 
extensor reflexes were elicited by delivering graduated faradic break-shocks from a "Har- 
vard inductorium” to the skin of the dorsum of the ipsilateral or contralateral hindfoot 
through electrodes sealed to the skin with collodion and which made contact through a saline 
paste. Later this technique was replaced by the application of a graduated clamp for 3 sec- 
onds to the 4th toe of the ipsilateral or contralateral hindlimb. In some preparations the 
crossed extensor reflex was elided bs’ manual compression of the contralateral 4th toe. The 
results obtained with electrical stimulation were not superior to those obtained with clamp- 
ing or manual compression, and the latter procedures were adopted as standard technique. 
The ipsilateral extensor thrusts were elicited by manual spreading of the toes or backward 
displacement of the foot pad. In all cases, the stimuli were maximal. 

In recording the reflexes, no attempt was made to limit the response to one joint but the 
main component of each response was selected for measurement. Both "isometric” and 
"isotonic” methods were employed. In both cases, sufScient reproducibility of the posi- 
tion of the preparations in repeated experiments was obtained by using the iliac crest and 
sacral spine as reference points. "Isometric” recording devices included a strong spring 
lever and a pneumatic sylphon arrangement, the test limb being fixed rigidly to the device 
by a double cuff applied to the leg and foot on either side of the ankle. However, it was 
found that "isotonic” recording was entirely satisfactory from the standpoint of demon- 
strating the essential changes that occur during addiction. This method was simpler and 
more free from artifacts than the "isometric” devices, and was therefore utilized alone in 
subsequent experiments. The figures in this paper were obtained with the “isotonic” 
apparatus which is described in detail in figure 1. 

Ordinarily, after the animal has been placed properly in position, the dowel "D” will be 
vertical. To allow correction for possible deviation from this position due to changes in 
flexor or extensor muscle tone, the maximum range of passive flexion and extension of the 
recording limb in each animal board position is recorded. This was not found necessary 
in most instances but should be done as a precaution against unanticipated changes. The 
recorded excursions of the limb are reduced from the actual excursion by a factor determined 
by the ratio 0-Cy:C-U, which in our experiments was 0.63. The data in the tables and 
illustrations refer to the recorded excursions. 

In each experiment about SO knee jerks, 10 extensor thrusts, 3-6 ipsilateral flexor, and 
3-6 crossed extensor reflexes were recorded. The records were obtained with smoked paper 
as illustrated in figure 2. For better photographic reproducibility, India ink tracings were 
made (figures 3-13). These are slightly idealized in that small artifacts due to play in the 
roller-bearings "RB” were eliminated in the reproduction. 

The effects of single doses of drugs were studied by recording spontaneous activity and 
reflexes of the hindlimb before and at various intcrx’als after administration of the drug. 
In the case of morphine and methadon, injections were given subcutaneously and, ordinar- 
ily, the effects were recorded one hour after injection, since preliminary experiments showed 
that the peak effects were reached by this time. Several control observations were ob- 
tained over a period of at least one month before addiction studies were begun in any prep- 
aration. 

A total of 15 complete cycles of morphine addiction were studied in 9 chronic spinal dogs. 
One of these preparations was subjected to 4, and another to 3 complete cycles. The usual 
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Fio. 1. Diagram of "Isotonic” Apparatus for Recording Hindlimb Refdexes 
OF Chronic Spinad Doos 

The preparation is placed on its right side on a portable animal board in a position such 
that the sacral spine is in contact with a fixed board "B”, the iliac crest being in line with 
the notch "N”. Most dogs can be trained to lie quietly in this position for hours at a time. 
The left lower ankle is then placed in the cuff “C”, which is well padded with cotton, care 
being taken to keep pressure on the limb at a minimum consistent with preventing slipping , 
within the cuff. The limb is suspended in a horizontal plane by the vertical dowel “D 
from an overhead rigid frame "F”. The animal board is now placed in such a position that 
the back border of its base is in line with one of the lines "L” ruled on the table. These 
lines were previously determined by placing the animal board in a position such that the 
main excursion of the limb during elicitation of any given reflex was in line with the long 
axis of the rod "R”. Thus in position Li are recorded the knee jerks and crossed extensor 
reflexes; in Li, the ipsilateral extensor thrust; and in Li, the ipsilateral flexor reflex and the 
spontaneous activity of the hindlimb. The movements of the rod "R” over snugly fitting 
roller bearings "RB” are recorded on a moving smoked paper kymograph, by the stylet 
“S”. Universal joints at Ui and Uj and the cylindrical sleeve bearing at “CY” eliminate 
strains on the rod “R” due to components of movements in directions other than that of ita 
long axis. Although the apparatus is adjustable for dogs of different sizes, it was found 
more practicable to select dogs whose hindlimbs were of approximately the same length., 

A cross-section through one of the two sets of roller-bearings in unit "RB” is shown in 
the upper right hand corner of the diagram. The two sets are about 6 cm. apart, mounted 
in the same rigid cylindrical frame. 
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procedure was to start with subcutaneous injection of morphine, 5-10 mgm./kgm. tn-ice 
daily, and gradually increase the dose and frequency of injection to 25.0 mgm./kgm. every 
6 hours. A few cycles of addiction were studied u-ith one dose daily (final dose 100 mgm./ 
kgm.) and two doses daily (final dose 50 mgm./kgm.). The addiction periods varied in 
length from 29-103 days each. During the addiction period, records were taken once or 
twice a week before and after a regular dose of morphine. When it was evident that partial 
tolerance to the effects on some of the reflexes had developed to the desired dose, injections 
of morphine were terminated abruptly and records of the reflexes and spontaneous activity 
of the hindlimbs were taken at inteiwals of about 6 hours (sometimes more often) until the 



Fio. 2. Dog No. SS (Chronic Spinal). Hindlimb Reflexes 14 Months After 
Transection of Spinal Cord .at D-10 Level 

KJ, knee jerks; S.\, spontaneous activity; CER, crossed c.xtensor reflex; lET, ipsilatcral 
extensor thrust; IFR, ipsilatcral flexor reflex; L, limits of passix’e c.xtension (upwards) and 
flexor (downwards) in each recording position. Note absence of spontaneous activity. 
Aote also that lET responses apparently exceed limits of passive extension of limb. This 
IS due to rotation of spine during lET. 

abstinence changes abated. After this, records were taken once or twice daily for the first 
2 weeks, and then, once or twice weekly until a stable level was attained. 

Six complete cycles of methadon addiction were studied in 5 chronic spinal dogs. The 
initial dose was 1.0 or 2.0 mgm./kgm. injected subcutaneously every 6 hours for periods 
'■arying from 47-03 days. The final dose level was 2.0 mgm./kgm. every 6 hours in 4 of the 
addiction studies, and 5.0 mgm./kgm. every 0 hours in 2 of the addiction studies. After 
partial tolerance to these doses had developed, methadon injections were discontinued 
abruptly. Records were taken during addiction and after cessation of injections as de- 
scribed above for morphine. 

Results. Predictability of reflexes. In table 1 are presented data on the 
reproducibility of the reflexes studied with the “isotonic” apparatus. The 
duration of the knee jerks and ipsilateral extensor thrusts are not subjected to 
analy.sis since they were very short and, ordinarily, little affected by morphine or 
methadon. The duration of the cros.sed extensor reflex, however, tended to in- 
crea.se xvith each successive elicitation of the respon.^e in any one experiment, as 
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indicated by the half-times of the Isfc, 2nd and 3rd responses in table 1. This 
was also seen at times, but not consistently, in the case of the ipsilateral flexor 

TABLE 1 


Dog mss {Chronic Spinal). Jleproducibililgof hindlimh reflexes {control measuremenis) 


REFLEX 

1 

KN’EE JERi:! 

j 

irSILATER- 
AL EXTEN- 
SOR 

THRUST 

IrSIEATERAL FLEXOR 
REFLEX 

CROSSED EXTENSOR 
REFLEX 

1st 

2nd 

3rd 

H 

m 

1 3rd 

Average number of reflexes elicited per experiment 

i9.S j 

i6.r 




H 

m 


One e.x- 
peri- 
ment 

Amplitude 

Mean (cm.) 
Mean per centj 
deviation 

1 

1 

2.25 ! 
7,2 1 

1 

8.03 

1G.3 

7.92 

X i 

7.42 

X ; 

7,64 

X 

4.49 

X 

5.48 

X 

1 Half-time 

1 

1 

Mean (sec.) 
Mean per cent 
deviafion 

■ 

■ 

1.50 

X 

1 

1.30 

1 

0.83 

X 

1 



5.24 

X 

Two ex- 
peri- 
ments 
in one 
day 

Amplitude 

Mean (cm.) 
Moan per cent 
deviation 

1 2.2S 
10.0 

1 

7.92 
' 13.7 

L . . 

7.95 

2.5 

1 

8.25 

0.0 

7.98 

6.0 

1 

4.55 

6.2 

■ 

5.62 

3.2 



■ 

B 

0.63 

20.6 

0.55 

27,2 

1 


2. OS 
31.4 

1 

I 

! 4.63 
112.6 

5.75 

1 2.8 

Twenty- 
one ex- 
peri- 
ments < 
in on j 
year 

Amplitude i 

1 

Mcan(cm.) 
Mean per cent 
deviation 

2.25 

12.5 

8.03 

18.6 

7.92 
22 9 

1 

7.64 

13.6 

1 4.49 
15.8 

5.48 

12.2 

5.45 

14.3 

Half-time | 

Mean (sec.) i 

Mean per ccnti 

deviation 1 

1 

1 

X 

X 

X 

I X 

1.50 

33.1 

1.30 

28,2 

0.83 

25.3 

3.01 

63.5 

4.64 

38,8 

5.24 

37.6 


"Amplitude” refers to the maximal excursion of the hindlimb on eliciting the reflex 
indicated and using the “isotonic” recording apparatus described in the text. "Half- 
time” refers to the time required for the response to return to half of its maximal value. 
The mean values for “One Experiment” and “Twenty -one Experiments in one 3 'ear” arc 
the same, i.e., the average of the means for each of the 21 e.xperiments. The mean per cent 
deviations for "One Experiment” represent the average of the mean per cent deviations 
in each of the 21 experiments, the deviations being referred to the mean for each particular 
experiment. In calculating the mean per cent deviations for “T«ent 3 ’-one Experiments 
in one year” the mean for all the 21 e.xperimcnts is utilized and the average deviation of 
each measurement in all 21 experiments is obtained with reference to this mean. In "Two 
Experiments in one day”, the mean values represent the average of the means for 4 e.xperi- 
ments performed in groups of 2 in 2 da 3 's. The mean per cent deviations in this category 
are obtained b3' averaging the mean per cent deviations for each of the 2 da3'S. These 
deviations are obtained by averaging the deviations of each measurement from the mean 
for that day. 

reflex. This facilitator 3 ’^ effect on the after-discharge of the reflex could be 
abolished by flexing the responding limb passively. Examination of table 1 
shows that the reflexes are predictable tvithin limits which vaiy tvith each' reflex 
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and the span of time under consideration — ^i.e., 1 experiment, 2 experiments in 1 
day, or numerous experiments over as long as 1 year. Most addiction studies 
covered a total period of 3 or 4 months. The drug effects which are regarded as 
significant in this paper exceed spontaneous variations by a wide margin. 
Another criterion of significance is the return to its control value, after drug 
effects presumably have worn off, of any reflex or spontaneous activity exhibiting 
a change attributed to the effects of the drug. 

Effects of single doses of morphine and methadon. As shown in table 2, 
the effects of morphine and methadon were essentially the same, namely, con- 
sistent depression or abolition of the flexor and crossed extensor reflexes and 
stepping movements; small but variable effects on the knee jerks; and, in most 
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Fig. 3. Dog No. S) (Cbeoxic Spixal). Errccrs or Methadon, 5.0 hgis./egh. on 
Hindlihb Reflexes 

SuM^cnpts 1 and 2 refer respectively to before and one boor after subcutaneous injec- 
iioaoi thenmg. The knee jerts (KJ) are essentially unchanged. The ipsilatera! extensor 
lonists flET) could not be cliciW before injection but are very active after methadon. 
r pc ipsilateral Eeior (IFR) and crossed extensor (CER) reSexea are abolished bj" the drug. 
lArroxB indicate stimuli vrhen responses arc absent). 

instances, enhancement of the ipsilateral extensor thrust. The last effect could 
he draonstrated best in preparations in which the ipsilateral extensor thrust was 
relatively weal; (as was frequently the case in the early postoperative pieriod). 
After morphine or methadon, the ipsilateral extensor thrust response was en- 
hraced many fold (figure 3). In preparations v.itb maximal extensor thrusts, 
the enhancement produced by morphi.ne or methadon was manifested bx' a 
decrease in threshold — i.e., the respono; could V^e elicited by merely touching 
(displacement.') the Lair; on the sole of the foot. In a fc'.v instances, morphine 
or methadon depress,-^! r- ipsllnteral extens.or thrust. Another curious atypical 
effect was noted ooea^'ormlly, EamOy, an alteration in pattern of the response. 
After morp.o:ne or motimdon, cxtea~on was replaced by flexion, particularly at 


388 


ABRAHAM MTKLHR AND KARL FRANK 


the hip. At the same time, the identical response (ipsilat€ral flexor reflex) to the 
clamping of a toe was abolished. The effects on the knee jerk were more vari- 
able; in most cases it appeared to be unaffected. However, when as in some 
preparations, the knee jerk exhibited a relatively long duration (after-discharge?), 
the latter was markedly shortened by morphine or methadon regardless of the 
effects on amplitude. 

Increase in the size of the dose of morphine or methadon prolonged the effects 
(e.g., depression of the ipsilateral fle.xor reflex for 2 days after, morphine, 50 
mgm./kgm.), but these did not differ qualitatively from the effects of smaller 
doses. In a few records, after recovery from the larger doses, the flexor reflex 
seemed to be somewhat larger than the control values. 

With very large doses of morphine (lOD-150 mgm./kgm.) or methadon (40-50 
mgm./kgm.), convulsions appeared i to hours after subcutaneous injection. 

TABLE 2 


Effects of singje doses of morphine and methadon on hindlimb reflexes on non-toleranl chronic 

spinal dogs 


1 

KETLXX j 

UOBmiKE (12DOCS:60£X?EBliaNTS) ' 
PEBCENTtXPEJilUEKTS j 

umjADOH (9 docs; 18 EXpr»ni£Nts) 
descent EXfUnCNTS 

enhanced j 

UQchasstd 

depressed 

enhanced 1 

uDcban^ j 

depressed 

1 

Knee jerks 

30. 0 

45.0 

18.4 

27.8 

65.5 

16.7 

Ipsilateral extensor thrust — 

87.4 

10.8 

1.8 

77.7 

5.6 

16.7 

Ipsilateral flexor reflex 

0.0 

0.0 

100.0 

0.0 

0.0 

loo.o 

Crossed extensor reflex 

0.0 

0.0 

100.0 

0.0 

0.0 

100,0 

Stepping movements* 

0.0 

0.0 

100.0 

0.0 

0.0 

100.0 

1 


* Present only livhen bindlitnbs are unsupported and in dependent position. 

Notes: When the knee jerk response was sustained, morphine or methadon converted it 
into a simple twitch. On attempting to elicit the ipsilateral extensor thrust in 4 instances 
after morphine and 2 after methadon, a strong hip^flexion component appeared, even 
though the same response to pinching the toe (ipsilateral flexor reflex) was depressed or 
abolished. 

These convulsions were tonic and clonic and were confined to the segments of the 
body rostral to the level of spinal transection. In the hindlimbs, only the changes 
noted after smaller doses were seen. At no time did any dose of morphine 
produce spontaneous activity of the hindlimbs. 

Morphine or methadon also lowered body temperature and pulse rate, and had 
variable effects on respiration. These changes will be described in greater detail 
in another paper (5). 

Effects of repeated doses of morphine and methadon. The changes in - 
reflexes and spontaneous activity of the hindlimbs, and the effects of morphine 
thereon during addiction are sho>vn in figures 4-^, A-C. No spontaneous 
activity of the hindlimbs appeared while the preparations were receiving mor- 
phine. Partial tolerance to the depressant effects of any given dose of the drug 
on the flexor and crossed extensor reflexes developed within 2-3 weeks. When 
the dose was increased, reflex depression increased, but eventually partial toler- 
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ance developed to the new dose. As addiction progressed, the flexor and crossed 
extensor reflexes became hyperactive before each regular dose of morphine. This 
was manifested by increase in amplitude and duration of the responses as well as 
obviously decreased thresholds. In contrast, knee jerks and ipsilateral extensor 
thrusts showed little change during this period. Tolerance to the stimulant 
effects of morphine on the extensor thrusts did not develop. A statement re- 
garding tolerance to the effects of morphine on the knee jerk cannot be made 
because of their variability and the small effects of the drug on this reflex. 









^■0. 4. Dog No. 88 (Chronic Spinal). Spontaneous Activity or Hindumb During 
Cycle of Morphine Addiction 

^ refer respectively to before and 1 hour after injection. A-D, no 
of activity. A, prc-addiction,'effects of morphine, 5.0 mgm./kcm.; B, 16th day 

23 n level 10.0 mgm./kgm. every 6 hours; Q, 53rd day of addiction, dose level 

irrotnir 6 hours; D, 24 hours abstinent; E, 30J hours abstinent. There is 

hnn R ^Poelaneous activity ; F, 41J hours abstinent. Effects of morphine, 25.0 mgm./ 
after in' t ™ '“Jf^etion there is continuous spontaneous rhythmic activity which ceases 
and P’ I’ours abstinent. Spontaneous activity has increased in amplitude 

neat- l spontaneous activity; H, 41i days abstinent; I, 7§ days absti- 

L 47 's» “ abstinent; K, 36 days abstinent. Effects of morphine, 10.0 mgm./kgm.; 
> aj'B abstinent. Effects of morphine, 5.0 mgm./kgm. 


0 erance also developed to the temperature-lowering effects of morphine but 
effects on the pulse rate. 

he development of tolerance to the effects of methadon on the hindlimb 
^ slower but similar in all other respects to that of morphine (figures 

y, 10). 

Wrrm)R.4WAL of morphine and methadon. The changes in the hindlimbs 
Oh 'Withdrawal of morphine or methadon were similar in every respect except 
Course, and will be described together (figures 4-8, D-L, and figure 11). 
c earliest change was a marked exaggeration of the flexor and crossed extensor 
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reflexes which were increased in amplitude and duration and also became repeti- 
tive, the response to each stimulus being a rapid series of flexions and extensions 
followed by prolonged flexion (flexor reflex) or extension (crossed extensor reflex). 
In some preparations this pattern was “normal” in the control series, but was 
intensified during withdrawal. Concomitantlj', the knee jerks and ipsilateral 
extensor were markedly reduced. These changes progressed with time and as 
early as 30^ hours after morphine withdrawal and 9 hours after methadon with- 



Fio. S. Dog No. 88 (CnnoNic Spinal). Ipsilateral Flexor Reflex (IFR) of 
Hindlimb Durino CrcLE op Morphine Addiction 
Supersoripta 1 and 2 refer respectively to before and 1 hour after auboutaneous injection- 
Arrows indicate stimuli when responses are absent, unclear or repetitive. A,pre-addictioa- 
Effects of morphine, 5.0 mgm./kgra. IFR is abolished; B, 16th day of addiction, dose level 
10.0 mgm./kgra. eveiw 6 hours. Marked tolerance has developed to the depressant acUon 
of morphine on IFR; C^SSrd day of addiction, dose level 25 mgm./kgm. every 6 hours. Ih® 
amplitude of IFR has increased although the duration of the response is shorter. There is 
marked tolerance to this large dose of morphine; D, 24 hours abstinent. IFR is exaggerMeu 
and repetitive; E, 30} hours abstinent. There is irr^ular spontaneous activity. IFR is 
exaggerated and repetitive; F, 41} hours abstinent. Effects of morphine, 25.0 mgm./kpn. 
Before injection there is continuous spontaneous rhythmic activity. IFR is exaggerated, 
repetitive and temporarily interrupts the spontaneous activity. After injection, spon- 
taneous activity disappears but IFR is only sligbtljr depressed; G, 72 hours abstinent. 
Spontaneous activity has increased in amplitude and is more regular. IFR as in F; B, 4} 
days abstinent. Spontaneous activity has ceased. IFR is smaller in amplitude: 1, 7} days 
abstinent. IFR is comparable to that in A; J, 9} diy-s abstinent. IFR same; K, 36 days 
abstinent. Effects of morphine, 10.0 mgm./kgm. IFR is abolished. Tolerance has al- 
ready been lost to a marked extent; L, 47 days abstinent. Effects of morphine, 5.0 mgm./ 
kgm. IFR is abolished, as in A. 

draw'al, rhythmic alternating flexion and extension of the hindlimbs appeared, at 
first, after elicitation of the flexor or crossed extensor responses, later, spontane- 
- ously. These spontaneous movements of the hindlimbs, with the dog in the 
lateral recumbent position, were similar to the “stepping movements” exhibited 
by “normal” chronic spinal dogs when held aloft with the hindlimbs freely 
pendent. At this time, little other evidence of abstinence was shown by the dogs. 

By 42 hours after withdrawal of morphine or 15 hours after ivithdrawal of 
methadon these spontaneous stepping movements became so large in amplitude 










* 111 ] 1 1 1 1 1 1 1 1 1 1 , 


Fio. 6. Dog No. 88 (Chronic Spinal). Crossed Extensor Reflex (CER) of 
Hindlimb During Cycle of Morphine Addiction 
Superscripts 1 and 2 refer respectively to before and 1 hour after subcutaneous injection, 
indicate stimuli when responses are absent, unclear or repetitive. A, pre-addiction, 
in morphine, 5.0 mgm./kgm. CER is abolished; B, 16th day of addiction, dose level 

6 hours. Marked tolerance has developed to the depressant action 
rn. rphine on CER; C, 53rd day of addiction, dose level 25.0 mgm./kgm. every 6 hours, 
linn this large dose of morphine ;D, 24 hours abstinent. Thedura- 

prolonged; E, 30J hours abstinent. There is irregular spon- 
mtrm /?. CER is repetitive; F, 41i hours abstinent. Effects of morphine, 25.0 

tiefore injection there is continuous spontaneous rhythmic activity. CER 
'■'Y? temporarily interrupts spontaneous activity. After injection, spon- 
^'^^'^.'ty ceases but CER is only slight depressed; G, 72 hours abstinent. Spon- 
increased in amplitude and is more regular. CER is obscured; H, 41 
Spontaneous activity has ceased. CER is smaller in amplitude; I, 74 
is still r,fV.f j’ ^n^ation of CER is markedly prolonged ; J, OJ days abstinent. CER 
is shnUoLj® duration; K, 36 days abstinent. Effects of morphine, 10.0 mgm./kgm. CER 
already been lost to a marked extent; L, 47 days abstinent, 
lion Tf lio *norphine, 5.0 mgm./kgm. CER is abolished. Note that in K and L, pre-injeo- 
uon lu IS comparable to that in A. * i- j 
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Fio. 7. Dqo No. 88 (Chronic Spinal). Ipsil.\teral Extensor Thrust (IET) of 
g . Hindlimb DumNG Cycle of Morphine Addiction 
Arrows indV^'V ^ YP'^“vOtorrespectivel 3 'to before and 1 hour after subcutaneous injection, 
of morntir,!. c n®‘'“'nli when responses are absent or unclear. A, pre-addiction. Effects 
10.0 mem /!-’ nigm./kgm. IET slightly enhanced; B, 16th daj- of addiction, dose level 

25.0 mm ®'’*^'’y 0 hours. No essential change; C, 53rd daj’ of addiction, dose level 

chance- F nm'i" 6 hours. No essential change; D, 24 hours'abstinent. No essential 
elicited'- f’ ^,1, , °°stincnt. There is irregular spontaneous activitj-. IET can not be 
there is'rnni. abstinent. Effects of morphine, 25.0 mgm./kgm'. Before injection 

at all 13 spontaneous rhythmic activitj-. This obscures IET w-liich, if present 

"i'hours nt" After injection, spontaneous activitj- ceases and IET is restored; 

more rcculnr Spontaneous rhj-thmic activitj- has increased in amplitude and is 

ceased. *’if-t- ^r-n ““I tested; H, 4i daj-s abstinent. Spontaneous activity has 
onlvllpv: .j'^^tul markcdlj- reduced: 1.74 days abstinent. Attempts to elicit IET evoke 


tngm./kgm. IET is slightlj- enhanced. 
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reflexes which were increased in amplitude and duration and also became repeti- 
'■ tive, the response to each stimulus being a rapid series of flexions and extensions 
followed by prolonged flexion (flexor reflex) or extension (crossed extensor reflex). 
In some preparations this pattern was "normal” in the control series, but was 
intensified during withdrawal. Concomitantly, the knee jerks and ipsilsteral 
extensor were markedly reduced. These changes progressed with time and as 
early as 30 J hours after morphine withdrawal and 9 hours after methadon with- 
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Fjo. S. Doo No. 88 (Cnnomc Spinal). Ipsilateral Flexor Reflex (IFB) or 
Hindhiib Durino Ctclb of Morphine ADEierio.v 
Supeperipts I and 2 refer respectively to before and I hour after subcutaneous injection- 
Arrows indicate stimuli when responses are absent, unclear or repetitive. A, pre-addicfion- 
Effects of morphine, 5.0 mgm./kgm. IFR is abolished; B, IGth day of addiction, dose leyel 
10.0 mgm./kgm. evew 6 hours. Marked tolerance has developed to the depressant action 
of morphine on IFR; C, 53rd day of addiction, dose level 25 mgm./kgm, every 6 hours. The 
amplitude of IFR has increased although the duration of the response is shorter. There is 
marked tolerance to this large dose of morphine; D, 24 hours abstinent. IFR is exaggerated 
and repetitive; E, 30} hours abstinent. There is irr^ular spontaneous activity. IFR is 
exaggerated and repetitive; F, 41} hours abstinent. Effects of morphine, 25.0 mgm./kgm. 
Before injection there is continuous spontaneous rhythmic activity. IFR is exaggerated, 
repetitive and temporarily interrupts the spontaneous activity. After injection, spon- 
taneous activity disappears but IFR is only slightly depressed; G, 72 hours abstinent. 
Spontaneous activity has increased in amplitude and is more regular. IFR as in F; H, 4} 
days abstinent. Spontaneous activity has ceased. IFR is smalfoin amplitude; 1, 7} days 
abstinent. IFR is comparable to that in A; J, 9} d^s abstinent. IPR same; K, 36 days 
abstinent. Effects of morphine, 10.0 mgm./kgm. IFR is abolished. Tolerance has al- 
ready been lost to a marked extent; L, 47 days abstinent. Effects of morphine, 5.0 mgm./ 
kgm. IFR is abolished, as in A. 


draw'al, rhythmic alternating flexion and extension of the hindlimbs appeared, at 
first, after elicitation of the flexor or crossed extensor responses, later, spontane- 
ously. These spontaneous movements of the hindlimbs, with the dog in the 
lateral recumbent position, were similar to the "stepping movements” exhibited 
by “normal” chronic spinal dogs when held aloft with the hindlimbs freely 
pendent. At this time, little other evidence of abstinence was shown by the dogs. 

By 42 hours after withdraw'al of morphine or 16 hours after withdrawal of 
methadon these spontaneous stepping movements became so large in amplitude 









Fio. 9. Doo No. 69 (Chbonic Spinal,). Effects of Methadon, 2.0 mom./kom., on 
Hindlimb Reflexes Before Addiction 

A and B are, respectively, responses before and 1 hour after subcutaneous injection of the 
utug.. Arrows indicate stimuli when responses are absent. 1, spontaneous activity; 2, 
Knee jerks ; 3, crossed extensor reflex; 4, ipsilateral flexor reflex; 5, ipsilateral extensor thrust. 
Note depression of all reflexes except the knee jerk. (The slight depressant action on the 
ipsilateral extensor thrust is atypical; in most chronic spinal preparations this reflex is 
enhanced by methadon). 



Fio. 10. Doo No. 69 (Chronic Spinal). Partial Tolerance to Depressant 
Effects of Methadon on Hindlimb Reflexes on 45th Day of Addiction 
(Dose Level 2.0 mgm./kom. Every 6 Hours) 

A and B are respectively responses before and 1 hour after subcutaneous injection of 
methadon, 2.0 mgm./kgra. 1 , spontaneous activity ;2, knee jerks ; 3, crossed extensor reflex; 
4, ipsilateral flexor reflex; 5, ipsilateral extensor thrust. Note : Spontaneous random move- 
ments (in part transmitted from the body of the dog) due to increased restlessness are only 
slightly diminished bv methadon. The pre-injection crossed extensor reflex is repetitive, 
exhibits prolonged after-discharge and is followed by rhythmic alternating flexion and 
extension movements. After methadon there is considerable reduction in the response but 
the reflex is not abolished. Likewise, the ipsilateral flexor reflex is exaggerated and repeti- 
tive and is only moderately depressed by methadon. The ipsilateral extensor thrust and 
the knee jerk arc unaffected. 
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and rapid in frequency that it was impossible to test knee jerks or ipsilateral 
extensor thrusts. Flexor and crossed extensor reflexes were markedly e.xag- 
gerated and temporarily replaced the spontaneous activity. 

At this time the dogs showed other signs of abstinence, varying considerably 
in severity from one animal to another. These included tachycardia, elevation 
of rectal temperature (1° to 2°C.), panting, vomiting, yawning, lacrimation. 
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Fig. 8. Doo No. 88 (Chbonic Spinai.). Knee Jerk (KJ) of Hindumb Dobing 
Cycle of Morphine Addiction 

Superscripts 1 and 2 refer respectively to before and 1 hour after subcutaneous injection- 
Arrows indicate stimuli when responses are absent or unclear. A, pre-addiction. Effects 
of morphine, 5.0 mgm./kgm. No essential change; B, 16th day of acidiction, dose level 10.0 
mgm.Agu'- every 6 hours. No essential change after injection. The differences in ampli- 
tude of KJ between A and B are not greater than spontaneous variation over a comparable 
period of time; C, 53rd day of addiction, dose level 25.0 mgra.^gm. every 6 hours. No 
essential change; D, 24 hours abstinent. No essential change; E, 3oj hours abstinent. 
There is spontaneous irregular activity, making it difficult to elicit KJ; F, 41i hours 
abstinent. Effects of morphine, 25.0 mgm./kgm. Before injection, there is continuous 
spontaneous rhythmic activity. KJ can not be elicited. After injection, spontaneous 
activity censes, but KJ is still absent; G, 72 hours abstinent. Spontaneous activity 
has increased in amplitude and is more regular. KJ can not be elicited; H, 4J days absti- 
nent. Spontaneous activity has ceased. IfJ can not be elicited but is of small amplitude; 
1, 7J days abstinent. KJ is partially restored; J, 9} days abstinent. KJ somewhat greater 
in amplitude; K, 36 days abstinent. Effects of morphine, 10.0 mgm./kgm. No essential 
change; L, 47 days abstinent. Effects of morphine, 5.0 mgm./kgm. No essential change 
after injection. Note amplitude of KJ is comparable to that in A. 


rhinorrhea, and occasionally diarrhea. Another striking ivithdrawal phenome- 
non was the presence of palpable and, at times, visible muscle tremors. In the 
chronic spinal dogs these could be palpated at different times above or below the 
level of the spinal transection. 

The peak of the abstinence syndrome was generally reached by the 72nd-90th 
hour after tvithdrawal of moiphine, and by the 24th-30th hour after lyithdrawal 
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of methadon. Thereafter the general signs of abstinence (tachycardia, fever, 
vomiting, etc.) decreased rapidlj' while the changes in the liindlimbs disappeared 
more slowly. Generallj', immediately after the spontaneous actinty of the 
hindlimbs disappeared, all the hindlimb refle.ves were subnormal for a day or two. 
After this period, the flexor and crossed extensor reflexes became supernormal, 
while the knee jerks and ipsilateral extensor thrusts remained reduced. The 
general signs of abstinence were generally over by the 5th day after withdrawal 
of morplune and the 3rd day after withdrawal of methadon. The hindlimbs 
returned to the approximate pre-addiction level 10-14 days after withdrawal of 
morphine or methadon, but in the case of morphine, slight changes such as en- 




ej 

Fio. 13. SiMILARITT OF AclTTE EfFECXS OF EsEBIXE TO MOBFHTNE ABSTINENCE 
Syndrome in Hindlimbs of Chronic Spinal Dogs, and Effects of 
Methadon on Running Movements Induced by Eserinb 
.A-1, Dog Ko. 70 (chronic spinal, D-10), spontaneous acti\’it 3 ’ before eserine; A-2, 20 
Mnutes after subcutaneous injection of esenne, 025 mgm./kgm. At arrow, methadon, 
on mgm./kgm., was given intravenouslj-; A-3, continuous from A-2. Note rh 3 'thmic run- 
mng movements induced by eserine, and prompt abolition of the same b 3 ' methadon; B-1, 
Dog No. 18 (chronic spinal, D-10), spontaneous activit 3 ' before addiction; B-2, 29 hours 
Rbstment (after 50 da 3-8 addiction to morphine sulfate, final dose level 10.0 mgm./kgm. 4 
timw d^ 3 ') ; B-3, 116 hours abstinent. Note spontaneous running movements of hindlimbs 
during earl 3 - period of morphine withdrawal and spontaneous subsidence of same later. 

hancement of the flexor reflexes persisted for variable times, up to 4 months 
following withdrawal. This apparent difference in post-withdrawal effects after 
morphine and methadon addiction, however, may not be significant because of 
the smaller nmnber of addiction studies writh methadon. 

Morphine or methadon in significant amounts, abolished the abstinence signs 
produced by withdrawal of the other drug (figure 12). The effects of one or the 
other drug on the hindlimb reflex abstinence ^mdrome were indistinguishable 
from each other. Either morphine or methadon abolished the spontaneous 
activity of the hindlimbs as 3vell as the general signs of abstinence, and restored 
the hindlimb reflexes to their control-values. 



Fia. 11. Doo No. 69 (Chhonic Spinal). Methadon "AnsTiNENCB Stndboue” in 
Hjndlimbs 42 Hours After Last Injection (45 Dat Ardiction Period); 

Final Dose Level 2.0 mgm./kgji. Evert 6 Hours) 

1, spontaneous activity ; 2, knee jerk; 3, crossed extensor reflex; 4, ipsilateral flexor reflex; 
ipsilateral extensor thrust. Arrows indicate stimuli. Note: Spontaneous rhythmic 
-.-ernating flexion and extension movements arc continuous and obscure any knee jerKB 
which may be present. Stimuli which had evoked the crossed extensor reflex now inhibit 
the spontaneous activity temporarily. The ipsilateral flexor reflex is exaggerated (off the 
recording paper) and prolonged. The ipsilateral extensor thrust is absent, and stimuli 
which have previously evoked it now elicit ipsilateral flexion. 
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Fig. 12. Don No. 69 (Chronic Spinal). Effects of Morphine on Methadon 
Abstinence Stndbome in Hindlimbs 17 Hours After Last Injection of 
Methadon on 35th Day of Addiction (Dose Level 2.0 mgu./kgu. 

Evert 6 Hours) 

A and B are, respectively, responses before and 1 hour after subcutaneous injection of 
morphine sulfate, 10.0 mgm./kgm. 1 , spontaneous activity ; 2, knee jerk; 3, erossed extensor 
reflex- 4 ipsilateral extensor thrust; 5, ipsilateral flexor reflex. Note: This amount of mor- 
nhine' abolishes the spontaneous rhythmic running movements but not the ipsilateral 
flexor and crossed extensor reflexes. The latter are regularly abolished by such a dose of 
morphine in the non-addicted preparation. 
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^tem. Further elucidation of this problem may be achieved by examining the 
effects of morphine or methadon in chronic spinal dogs on action potentials 
evoked by elicitation of the various hindlimb reflexes. 

The obsen'ations on the effects of convulsing doses of morphine or methadon 
in chronic spinal dogs are in agreement with those of Leimdorfer (7) on the action 
of methadon on the electroencephalogram and electrospinogram of curarized cats. 
In these species, at least, the convulsions induced by morphine or methadon are 
apparently of cortical, not spinal, origin. 

The specificity of the action of morphine and methadon on the hindlimb 
reflexes of the chronic spinal dog has not been fully investigated. However, 
studies on one barbiturate (sodium pentobarbital) indicate that this drug has 
only a depressant effect on all reflexes, although the flexor and crossed extensor 
reflexes are abolished before the knee jerk and ipsilateral extensor thrust. This 
13 in agreement with previous studies on the acute spinal cat with action potential 
techniques (3). 

The demonstration of tolerance and physical dependence to morphine and 
methadon in the chronic spinal dog affords unequivocal evidence that the spinal 
cord is involved to at least some degree in addiction to these drugs, and pre- 
sumptive evidence that the spinal cord is one of the portions of the nervous 
system which give rise to the withdrawal phenomena. It is well known that 
restlessness and muscular twitching are outstanding phenomena in the human 
morphine withdrawal syndrome. The addict’s phrase, “kicking a habit,’’ as a 
term for undergoing withdrawal from opiates, is derived from the muscular 
twitches, especially in the lower extremities, which he exhibits during this period. 
These may well originate in the spinal cord. However, the spinal cord below the 
level of transection in our dogs could still be affected indirectly by some of the 
Withdrawal phenomena arising from changes above the level of transection, such 
us elevation of body temperature, humoral agents, or afferents to the spinal cord 
from visceral disturbances. However, artificially induced fever had no effect on 
the hindlimbs of chronic spinal dogs. Cross-circulation experiments and addic- 
tion studies in preparations in which visceral afferents below the level of spinal 
cord transection have been sectioned, are needed to rule out the other possibilities 
with certainty. However, the difference in the time course of the general 
abstinence syndrome and that of the hindlimbs makes such indirect effects im- 
probable. 

With reference to the application of our findings to the site of origin of the 
abstinence syndrome in man, it is also necessary to bear in mind the possibility 
that, in the intact organism, the direct effects of drugs on the spinal cord may be 
masked by inhibitory or facilitatory influences from higher segments of the 
neuraxis, which may or may not be affected simultaneously by the agent. Also 
the problem of telencephalization must be considered. In the ascending evolu- 
tionary scale, physiological functions are shifted more and more in the direction 
of the cerebral cortex, and this region of the central nervous system is generally 
most sensitive to chemical agents. Hence conclusions regarding the site of 



39G 


ABRAHAM WIKLER AND HARD FRANK 


Other agents. The effects of sodium pentobarbital, neostigmine, eserine, 
and hyperthermia were studied in chronic spinal dogs which were not receiving 
any drugs. 

Sodium Pentobarbital. In 6 experiments, single intravenous injections of 
sodium pentobarbital, 8 mgm./kgm., abolished the flexor and crossed extensor 
reflexes and depressed slightly the knee jerk and ipsilateral extensor thrust. 
After 15 mgm./kgm. these reflexes were markedly depressed,’ and after 30 
mgm./kgm., all reflex activity in the hindlimbs disappeared except, at times, a 
very feeble knee jerk. 

Neostigmine. In 3 experiments, subcutaneous injection of neostigmine 0.1-0.3 
mgm./kgm., was followed by enhancement of all hindlimb refle-xes and the 
appearance of irregular spontaneous movements of the hindlimbs. 

Eserine. In 6 e.xperiments, subcutaneous injection of eserine, 0.25-0.50 
mgm./kgm., produced spontaneous movements of the hindlimbs with some vari- 
ability in pattern. In some experiments, irregular extensor or flexor movements 
of both hindlimbs appeared spontaneously, while in others, the movements were 
rhythmic and alternating, resembling strongly the spontaneous activity of the 
hindlimbs during withdrawal from morphine or methadon. The spontaneous 
activity induced by eserine was abolished by subcutaneous injection of either 
morphine, 10.0 mgm./kgm., or methadon, 5.0 mgm./kgm. (figure 13). The 
effects of smaller doses of eserine on the hindlimb refle.xes were variable, con- 
trasting TOth the tmiformly enhancing effects of neostigmine. 

Hyperthermia. Rectal temperature of 2 chronic spinal dogs was raised by 
heating in an incubator to 40.3° and 40.7°C. respectively (normal rectal temper- 
ature 38.5° to 39.0°C.). In another chronic spinal dog, the temperature was 
raised to 39.1°C. by intravenous injection of typhoid vaccine. No changes were 
noted in the hindlimbs. 

Discussion. Some similarities and some differences may be noted on com- 
paring the actions of single doses of morphine and methadon in the chronic spinal 
dog with those in the acute spinal cat (2, 3). In both, all responses to nociceptive 
stimulation (flexor and crossed extensor refle.xes) are markedly depressed. On 
the other hand, whereas the knee jerk of the acute spinal cat either is not affected 
or is enhanced, that of the chronic spinal dog is depressed in an appreciable per- 
centage of experiments (table 2). ■ Depressant effects of morphine on the knee 
jerks of spinal dogs were reported by Luckhardt and Johnson (6). However, 
this occurred in only 18.4 per cent of our e.xperiments. 

The effects of morphine or methadon on the ipsilateral extensor thrust appear 
not to have been described before. It may be of some significance that in the 
chronic spinal dog the reflexes which are most markedly and consistently de- 
pressed by these drugs are characterized by a well-marked after-discharge 
(ipsilateral flexor and crossed extensor refle.xes), whereas those reflexes which are 
unaffected or enhanced have little or no after discharge (ipsilateral extensor 
thrust and most knee jerks). This suggests that the locus of the depressant 
effects of moiphine or methadon is primarily upon some intemuncial neurone 
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1. Methods for preparing long-surviving, chronic spinal dogs, and methods for 
recording spontaneous activity and hindlimb reflexes in such preparations are 
described. 

2. In chronic spinal dogs, single doses of morphine or methadon depress 
markedly the ipsilateral flexor and crossed extensor reflexes, enhance the ipsi- 
lateral extensor thrust in most instances, and have small but variable effects on 
the knee jerk. After very large doses of morphine (100-150 mgm./kgm.) or 
methadon (40-50 mgm./kgm.) tonic and clonic convulsions appear in the seg- 
ments rostral to the transection but not below it. 

3. During addiction to morphine or methadon, tolerance develops to the 
depressant effects of morphine and methadon on the ipsilateral flexor and crossed 
extensor reflexes, but not to the excitant effects on the ipsilateral extensor 
thmst. As addiction is continued, the pre-injection values of the ipsilateral 
flexor and crossed extensor reflexes increases, both with respect to amplitude and 
duration of the response. 

4. After abrupt cessation of morphine or methadon, the ipsilateral flexor and 
crossed extensor reflexes continue to increase in magnitude, while the knee jerk 
and ipsilateral extensor thrusts diminish markedly. Spontaneous rhythmic 
activity appears in the hindlimbs (dog in lateral recumbent position) as early as 
30^ hours after withdrawal of morphine and 9 hours after withdrawal of 
methadon. This activity increases in magnitude and frequency tmtil a peak is 
reached about the 72nd.-90th. hour after morphine and about the 24th-30th 
hour after methadon withdrawal, following which there is a gradual return of the 
hindlimbs to the pre-addiction status over a period of 10-14 days. However, 
hyperactivity of the ipsilateral flexor reflex may persist for as long as 4 months 
after withdrawal of morphine. 

5. After withdrawal of morphine or methadon, general signs of abstinence 
auch as restlessness, tremors, fever, yawning, vomiting, lacrimation, rhinorrhea, 
and occasionally diarrhea appear at about the same time as the spontaneous 
activity in the hindlimbs. These general signs also reach a peak at about the 
aame time as the hindlimb spontaneous activity, but they subside much more 
rapidly than the changes in reflexes which occur during the withdrawal period. 

6. The effects of sodiiun pentobarbital, neostigmine, eserine, and elevation of 
body temperature on the hindlimbs of chronic spinal dogs are described. 

7. The data are discussed with reference to the problems of loci of action of 
morphine and methadon, theories of physical dependence, and studies of physical 
dependence-producing liability of drugs. 
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origin of the morphine or methadon abstinence syndrome in man must be tenta- 
tive, pending further studies on addiction in chronic spinal monkeys or chim- 
panzees. 

From a clinical standpoint, our findings afford further e\ddence that tolerance 
and physical dependence do develop to methadon (8, 9). In the chronic spinal 
dog, the methadon withdrawal syndrome is of earlier onset, somewhat more 
severe, and of shorter duration than that of morphine. However, it is quite 
likely that in chronic spinal animals we are dealing with a sensitized preparation, 
since Cannon and Haimovici (10) have shoivn that “denenmted” motoneurones, 
just like denervated effector organs, are sensitized to chemical agents. The 
isolated spinal cord is "denervated” from higher segments and may therefore 
respond more actively to small chemical changes in the cord or to humoral agents. 
The severity of the withdrawal changes in the hindlimbs, therefore, may not be a 
reliable indication of the severity of the effects on the animal as a whole, except 
when used in comparison with a standard physical dependence-producing agent, 
like morphine. 

Regardless of its role in the addiction process in intact animals or man, the 
spinal cord affords a convenient, relatively simple and fairly well understood 
sample of nervous tissue. Therefore, the changes in the hindlimb reflexes .of 
chronic spinal dogs during addiction to morphine and methadon may be con- 
sidered from the standpoint of a theory of morphine addiction. Tatum, Seevers 
and Collins (11) have postulated that morphine depresses some portions of the 
central nervous system and stimulates others. The stimulant effects outlast the 
depressant actions and therefore increase progressively during addiction and 
become manifest as withdrawal signs after cessation of injections. Our findings 
confirm the facts that morphine does have simultaneous depressant and excitant 
effects and that little or no tolerance develops to the latter. However, during 
withdrawal, the excitant effects (e.g., on the ipsilateral extensor thrusts) do not 
become manifest; in fact they become marke^y depressed, while those refiaxes 
which were depressed by morphine (spontaneous movements, ipsilateral flavor 
and crossed extensor reflexes) become greatly exaggerated. This is more in 
keeping with theories of physical dependence based on concepts of homeostatic 
adaptation such as those advanced by Wuth (12), and Himmelsbach (13) to ex- 
plain the autonomic disturbances during abstinence from morphine. Our find- 
ings in chronic spinal dogs indicate that the somatic nervous system is also in- 
volved, perhaps in an analagous manner. 

The effects of neostigmine and eserine on the hindlimb reflexes of chronic spinal 
dogs are included in this report because of their similarity to the changes ob- 
served during morphine or methadon withdrawal in such preparations. Since 
neostigmine and eserine exert their effects primarily through inhibition of cholin- 
esterase activity, it would be of interest to investigate the cholinesterase-acetyl- 
choline-choline acetylase system in nervous tissue during a cycle of addiction to 
morphine or methadon. 

The relation of the findings in the present investigations to the question of the 
role of psychic factors in the genesis of the morphine and methadon withdrawal 
syndrome has been considered elsewhere (14). 
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Abnost immediately after the announcement of the anesthetic action of chloral 
hydrate hy Liehreich in 1869, investigation of the analogous bromine compound 
was undertaken independently by several workers (1—4). At that time there 
was general acceptance of Liebreich’s idea that chloral hydrate owes its effects 
to the release of chloroform in the blood, and it seemed logical to presume that 
bromal hydrate, which undergoes the same type of decomposition in alkaline 
solution in vitro, would produce similar pharmacological effects. However, it 
Was found by all of these workers that bromal hydrate differs completely in its 
pharmacological action from chloral hydrate. Later investigations have con- 
finned this conclusion (5-7). All of the reports are in agreement in showing 
hromal hydrate to be much more toxic than chloral hydrate. The effects that 
have been observed in laboratory animals after the administration of bromal 
hydrate include strong local irritation of mucous surfaces, excitatory effects on 
the central nervous system, vomiting, defecation, dyspnea, salivation, and in- 
creased secretion from the respiratory tract. The anesthetic effect characteristic 
of chloral hydrate failed to manifest itself in the bromine analogue, although a 
terminal comatose state was frequently seen. On isolated tissues as well, 
bromal hydrate was found much more toxic than chloral hydrate (6, 8, 9). 
tJespite the unpromising indications of the laboratory work, bromal hydrate 
even had a limited human trial (1, 3, 4), including an experiment performed on 
Wmself by Dougall (3), In man, as in the other animals, the drug lacked any 
oeumte hypnotic action. Moreover, some distressing symptoms were en- 
countered, which were the counterparts of effects that had been seen in labora- 
tory animals. Bromal hydrate has found no use in therapeutics. 

The remarkable qualitative pharmacological difference between bromal 
hydrate and chloral hydrate has as yet received no adequate explanation. In 
the present investigation an attempt has been made to elucidate this problem 
by comparing the chemical reactions which the two compounds undergo in vivo 
and in vitro. The characteristic narcotic action of chloral hydrate appears to 
depend in large part at least on the rapid reduction of most of the compound to 
trichloroethanol (10). If bromal hydrate should follow the same metabolic 
course, the resulting tribromoethanol should produce narcotic effects quite 
similar to those of trichloroethanol. That bromal hydrate lacks any such simple 
narcotic action is indicative that its metabolic fate differs in some way from that 
of chloral hydrate, and herein might be expected to lie the explanation of the 
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Delerminaiion of tribromoacclic acid in plasma. A sample of 1 co. of plasma is added to 
9 cc. of the tungstic acid solution of Van Slykc and Hawkins (IS). After centrifugation, 1 
cc. of the supernatant liquid is transferred to a test tube. To this are added 5 cc. of pjTi- 
dine, followed by 4 cc. of 8 N sodium hydroxide. Heating and subsequent procedures are 
the same as above. Plasma concentrations as low as 7 ragm. per 1. arc determinable. 

Hclermination of brotnal hydrate in agucous solutions. To a 1 cc. sample of the aqueous 
solution are added See. of pjTidine, then 4 cc. of 8 A' sodium hydroxide. Heating and subse- 
quent procedures are as above. Amounts of bromal hydrate as small as 1 roicrogram are 
determinablfc. 

determination of bromal hydrate in ether solution. To 1 cc. of the ether solution is added 
O.I cc. of pjTidine. The ether is then evaporated in the same manner as the pentane in the 
tribromoethanol method. To the residue arc added 5 cc. of pjTidine, then 4 cc. of 8 hf 
sodium hydroxide. Subsequent treatment is as above. 

Search for tribromoeth.anoe and tribromoacetic acid as metabolic 
PRODUCTS OF bromal HYDRATE. Two dogs were given bromal hydrate intra- 
muscularly in aqueous solution in doses of 4 X 10“^ moles (120 mgm.) and 3 X 
10~* moles (90 mgm.) per kgm., respectively. Both animals died within about 
half an hour. A third dog received 8 X 10~^ moles (24 mgm.) per kgm. intra- 
venously in divided doses over a period of 15 min. This dog also died about 
half an hour after the last dose. The most prominent effects seen in all three 
uuimals were salivation, vomiting, defecation, severe dyspnea, and the appear- 
RRce of large amounts of frothy liquid at the nose and mouth. Death was pre- 
ceded by a brief period of coma. 

Blood samples were taken at various intervals after dosage, including the 
period of terminal coma. At no time in any of the animals did tribromoethanol 
or tribromoacetic acid appear in the plasma in detectable amounts. Neither 
v^as bromal hydrate itself found in any of the plasma samples. However, 
because of the possibility that some of the loss of bromal hydrate could have 
occurred after the collection of the samples, these analyses for bromal hydrate 
have little significance. From its reactions in vitro (see below), it was judged 
that bromal hydrate could scarcely be expected to exist in measurable concen- 
tration for more than a very brief interval after its entrance into the circulation, 
und therefore no effort was made to devise a method that would prevent further 
disappearance of bromal hydrate following the collection of a blood sample. 

In order to estimate the maximum amount of bromal hydrate that could 
have been converted to the alcohol and the acid, and to exclude the possibility 
that those hypothetical metabolic products might play any part in the effects 
of bromal hydrate, some experiments with tribromoethanol and tribromoacetic 
acid were performed on dogs. The results are summarized in the following 
paragraphs. The conclusions drawn from them concerning the metabolic fate 
of bromal hydrate are to be found in the section, “Discussion,” below. 

Tribromoethanol. A plasma level of about 100 mgm. per 1. is required to pro- 
duce anesthesia, and levels below 60 mgm. per 1. scarcely produce noticeable 
effects. The minimum dose which, administered intramuscularly in aqueous 
solution, gives a plasma concentration detectable by the present method is 
5 X 10~* moles (14 mgm.) per kgm. 

Tribromoacetic acid, like trichloroacetic acid, is found in the plasma in concen- 
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pharmacological differences. The chemical methods previously developed (10) 
for chloral hydrate, trichloroethanol, and trichloroacetic acid are applicable with 
minor modifications to the determination of the corresponding bromine com- 
pounds. These methods have made it possible to estimate to what e.xtent 
bromal hydrate could be reduced or oxidized like chloral hydrate, as well as to 
study the reactions of bromal hydrate with various compounds in vitro. 

Materials. Bromal hydrate was prepared from bromal and water and was rocrj’stal- 
lized from water. After drying over calcium chloride at SO mm. Hg, the compound melted 
at 53.0°-53.8'’C. 

Tribromoacetic acid was prepared by the o.xidation of bromal with fuming nitric acid, 
as described by Schaffer (11). After several crystallizations from heptane, the melting 
point was 130°-132‘'C. 

The tribromoethanol used was the preparation marketed by the Winthrop Chemical Co. 
as "Avertin Crystals.” The sample used melted at 7S°-79'’C. 

Chb.mical methods. General remarks. These methods are based on thesame principles 
as those used previously for the analogous chlorine compounds (10) . Differences in physical 
1 and chemical properties have necessitated some modifications of the procedures to adapt 
them to use with the bromine compounds. Since there was no occasion in the present work 
for the simultaneous determination of bromal hydrate and tribromoacetic acid, the pro- 
cedure that was used for differentiating the corresponding chlorine compounds was not 
needed. The color produced in the Fujiwara reaction by bromal hydrate and tribromo- 
aoetio acid, like that produced by chloral hydrate and trichloroacetic acid, is crimson, the 
absorption spectra being quite similar for the bromine and chlorine compounds. Tribro- 
moethanol, like trichloroethanol, does not itself give the Fujiwara reaction, and the method 
depends upon its oxidation to tribromoacetic acid. 

Tribromoethanol has previously been determined in blood by a method devised by Seben- 
ing (12), which depends on the determination of bromine in an ether extract. Sebening’s 
method with some modifications was used in a number of studies (13-17). The method de- 
scribed here is more sensitive and easier to perform, but there is no reason to believe that 
it would give different results. The pharmacological work done with tribromoethanol by 
use of the present method is in no essential disagreement with that reported by use of the 
older method. 

Determination of tribromoethanol in plasma. The sol vents used are the same as those used 
in the determination of trichloroethanol. A sample of 2 cc. of plasma is shaken with 12 cc. 
of “heptane.” After centrifugation, 10 cc. of th« heptane layer is removed and shaken with 
16 cc. of water. After centrifugation, 15 cc. of the aqueous layer is removed. In this is 
dissolved 5 grams of sodium chloride, and the solution is shaken with 4 cc. of “pentane.” 
Of the pentane layer 3 cc. is transferred to a test tube, and 0.1 cc. of pjTidine added. The 
pentane is then evaporated as in the method for the chlorine compound. To the residue is 
added 0.5 cc. of a solution consisting of : potassium dichromate, 1 gram; water, 45 cc.; con- 
centrated sulfuric acid, 55 cc. The tube is now kept at 20°C. for 30 min., after which time 
it is immersed in an ice bath and 4 cc. of SJV sodium hydroxide is added slowly with stirring. 
After the addition of 5 cc. of pyridine, the tube is immersed in a bath of boiling water for 
1 min., during which time the contents are stirred. The tube is cooled immediately in an 
ice bath. A sample of the upper phase is diluted and the intensity of color measured as in 
the methods for the chlorine compounds. The optical density is a linear function of the 
concentration of tribromoethanol in the pl.isma.* Concentrations as low as 3 mgm. per 1. 
are determinable. 

‘Distribution coefficients of tribromoethanol: “heptane' ’/water, 0.93; “pentane”/ 
sodium chloride solution (300 grams per 1.), 4.6. If the distribution coefficient were the 
same tor plasma as for water, the final 3 ce. portion of pentane would contain 16 per cent of 
the tribromoethanol originally present in the plasma sample. 
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It should be noted that the removal of bromal hydrate from solution by albu- 
min bears no resemblance to the reversible “binding” by which many other com- 
pounds are attached to albumin, but is rather an irreversible chemical reaction, 
and one which probably involves the rupture of bonds wthin the bromal hydrate 
molecule. 

Reaclion viiih cysteine. In dilute aqueous solution, at room temperature, 
bromal hydrate reacts very rapidly with cysteine, as evidenced by the fact that 



TIME-MINUTES 

Fig. 1. Reaction of Bromal Hydrate 'With Human Serum Albumin, 60 grams 
PER L. IN 0.2 M Phosphate Buffer, pH 7.4 at 37° C 
The ordinate is the amount of bromal hydrate not recoverable in the supernatant after 
precipitation of the protein and centrifugation. The abscissa is the time intervening be- 
tween addition of bromal hydrate and precipitation of the protein. The numerical value 
opposite each curve indicates the total amount of bromal hydrate added, i. e., the concen- 
tration that would have resulted if none had reacted -with the protein. 

addition of cysteine to a solution of bromal hydrate reduces the amount of 
bromal hydrate extractable with ether. 'When the reaction was carried out in 
0.2 M phosphate buSer, pH 7.4, with an amount of bromal hydrate to give a 
calculated final concentration of 0.001 JIf, and when the mixing of the bromal 
hydrate and cysteine solutions was performed in such a way as to minimize the 
occurrence of temporary, local excesses of either reagent during the reaction, it 
was foimd that the minimal molar ratio of cysteine to bromal hydrate necessary 


404 


THOMAS C. BXTTLER 


trations indicating that it is distributed in extracellular water. The plasma con- 
centration falls more rapidly than does that of trichloroacetic acid. An intra- 
venous dose of iO mgm. per kgm. is without noticeable effect. The minimum 
intravenous dose that would give a plasma concentration detectable by the 
present method is 7 X 10“* moles (2 mgm.) per kgm. 

The cHEMicAn reactions of RROJiAr. mmiUTE in vitro. Under conditions 
that can be considered physiological, bromal hydrate proved to be quite re- 
active with certain substances in vitro. Some of the chemical reactions of 
bromal hydrate were studied mth a view to elucidate the nature of its pharma- 
cological action. 

Disappearance of bromal hydrate from serum. ^Vhen bromal hj'drate is added 
to plasma or serum in vitro, it does hot all appear in the filtrate after precipitation 
of the proteins with any of the familiar precipitants. Neither can it all be re- 
moved by extraction of the plasma or serum with ether, even if the e-xtraction is 
performed as soon as possible after the addition. The disappearance of bromal 
hydrate may be partial or complete, depending on the amount added. With one 
sample of human serum that was studied by the addition of various amounts of 
bromal hydrate at 37°C. and extraction \rith ether after 2 min., the bromal 
hydrate disappeared completely if it was added in amounts less than sufficienh 
to give a calculated concentration of 5 X 10-* moles (150 mgm.) per 1. When 
chloral hydrate was added to the same sample of serum in a concentration of 10“’ 
moles (165 mgm.) per 1., there was no loss detectable by the methods used within 
30 min. at 37°C. 'UTien bromal hydrate is added to an ultrafiltrate of serum or 
to a filtrate after precipitation of the proteins with tungstic acid, the loss is much 
smaller and occurs more slowly than is the case with serum. This suggests that 
the serum proteins are largely responsible for the loss of bromal hydrate. Indeed 
the experiments described below indicate that the reaction with albumin is 
Bufiicient of itself to account for the greater part of the disappearance of bromal 
hydrate from serum. 

Reaction with serum albumin. Human serum albumin (Cohn’s Fraction V) 
was dissolved in 0.2 ilf phosphate buffer, pH 7.4, to give a concentration of 50 
grams per 1., and various amounts of bromal hydrate were added. The rate of 
reaction at SZ^C. was studied, advantage being taken of the fact that the re- 
action can be arrested by precipitation of the protein vith the tungstic acid 
solution of Van Slyke and Hawkins (18). The results are shown in figure 1. A 
certain amount of bromal hydrate appears to be removed by the protein almost 
immediately. This amount (2.6-3.5 X 10"^ moles per 1.) varies relatively little 
with the amount of bromal hydrate added. For about the next 10 min. the rate 
of reaction is roughly proportional to the remaining concentration. Thereafter 
it becomes much slower. If the molecular weight of the albumin is assumed to 
be 70,000, it can be calculated that in the initial rapid reaction 1 mole of bromal 
hydrate is removed by 2.0 to 2.7 moles of protein. The correspondence with the 
minimal molar ratio of cysteine required to destroy bromal hydrate (see below) 
is close. If the initial reaction with protein involves the same process as that 
with cysteine, viz., oxidation of a sulfhydryl group, approximately one sulfhydryl 
group in each albumin molecule is entering into the reaction. 
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cystine. The fact that almost 3 moles of cysteine can be converted to cystine by 
1 mole of bromal hydrate shows that more than one C-Br bond must be capable 
of rupture. If the second bromine should separate in the neutral condition, it 
Would oHdize one additional molecule of cysteine and account for the observed 
yield. If the second bromine should separate in the positive condition, this step 
must either take place to a limited extent or the bromine must take part in re- 
actions other than the simple oxidation of cysteine to cystine. Otherwise 4 
moles of cysteine should appear as cystine. The experiments described above 
are not sufficient to settle conclusively the question of the number of bromine 
atoms that are released from the bromal hydrate molecule and the charge that 
they carry on disruption of the bonds; yet there can be little doubt concerning 
the fundamental nature of the oxidative process. 

An experiment in which chloral hydrate sad cysteine were mixed in the buffer 
at pH 7.4 to give a concentration of 0.0005 M of the former and 0.005 M of the 
latter failed to show any significant loss of ether-extractable chloral hydrate 
after 30 min. at 37°C. If chloral hydrate undergoes a reaction with cysteine 
analogous to that of bromal hydrate, the reaction rate is of an entirely different 
Older of magnitude. If the reaction of chloral hydrate with cysteine leading to 
the formation of 2-(trichloromethyl)-4-thia2olidinecarboxylic acid, as described 
hy Schubert (19), takes place under these conditions, the compound must be 
dissociable on extraction with ether. 

Discussion. 1. The metabolic fate of bromal hydrate and its lack of anesthetic 
fKtion. Although the present work failed to demonstrate any reduction of 
hromal hydrate to the alcohol or oxidation to the acid, the low dose that it "was 
possible to administer precluded setting the maximum limits of the reactions at 
^ery low levels. From the data presented above, it may be estimated that the 
dog receiving the lower intramuscular dose of bromal hydrate could not have 
Converted more than about 16 per cent to the alcohol. The significance of this 
estimate is questionable because of the possibility that absorption was incom- 
plete at the time of death. The dog receiving the intravenous dose could not 
have converted more than about 60 per cent to the alcohol. Likemse, the dogs 
given the intramuscular doses could not have oxidized more than about 2 per cent 
to the acid, nor the dog given the intravenous dose more than about 10 per cent. 
It thus appears that at least so far as reduction to the alcohol is concerned, 
bromal hydrate cannot follow this metabolic path to the same extent as does 
chloral hydrate. The destruction of bromal hydrate by more rapid reactions 
Would of itself appear to be an adequate factor to prevent any large amount from 
Undergoing reactions analogous to those of chloral hydrate. 

It can certainly be said that insufficient tribromoethanol is produced to play any 
significant role in the pharmacological effects of bromal hydrate. Consequently 
the lack of any anesthetic action analogous to that of chloral hydrate is imder- 
ntandable. By some of the early workers who were overzealously trying to find 
Bome pharmacological analogy in the structurally analogous compounds, the 
terminal coma sometimes produced by bromal hydrate was considered to be of 
the same nature as chloral hydrate anesthesia. In view of the present work, the 
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to destroy all of the ether-extractable material giving the Fujiwara reaction was 
about 2.2. At smaller ratios, the destruction was approximately a linear func- 
tion of the ratio. No conditions were found under which 1 mole of bromal hy- 
drate could be destroyed by less than 2 moles of cysteine. If the method of 
mi.xing favored the occurrence of excess of cysteine during the reaction, con- 
siderably larger amounts of cysteine were required to destroy 1 mole of bromal 
hydrate. 

The fact that similar experiments gave no evidence of reaction between 
bromal hydrate and glycine suggested that the reaction is with the sulfliydiyl 
group of cysteine. Furthermore the fact that bromal hydrate is capable of 
slowly oxidizing the iodide ion to iodine at pH 7.4 suggested that the reaction 
with the sulfhydryl group is an oxidation. That oxidation of the sulfhydiyl 
group does occur can be demonstrated by the isolation of cystine as a product 
if the reaction is carried out in sufficiently concentrated solution. In the buffer 
at pH 7.4, cystine separates from solution if the amount of bromal hydrate added 
is sufficient to give a calculated concentration greater than 0,004 il/ and cysteine 
is an e.\'cess. 

An estimate of the yield of cystine was made in the following axperiraent. To- 
12 cc. of oxygen-free 0,2 M phosphate buffer, pH 7.4, was added 0.004 moles of 
L-cysteine hydrochloride plus an equivalent amount of sodium hydroxide. With 
this solution was mixed a solution of 0.0004 moles of bromal hydrate in 4 cc. of the 
buffer. The white precipitate, which began to separate almost immediately, 
was filtered off and washed with water, methanol, and ether. The filtrate gave 
a positive nitroprusside test. After drying over phosphorus pento,xide and 
sodium hydroxide, the precipitate weighed 141 mgm. It had a very low' solu- 
bility in water but dissolved readily in 1 W hydrochloric acid or 1 N sodium 
hydroxide. The alkaline solution gave a negative nitroprusside test, but if first 
treated -with a little sodium cyanide, gave a strongly positive nitroprusside test 
The yield as cystine was 0.000588 moles. Each mole of bromal hydrate had 
converted 2.94 moles of cysteine to cystine. In a similar experiment in w'hich 
the molar ratio of cysteine to bromal hydrate was 2, 70 per cent of the cysteine 
was recovered as cystine, and the filtrate gave a negative nitroprusside test. 

Although other reactions may also take place, the predominant primary re- 
action between bromal hydrate and cysteine is the oxidation of the sulfhydryl 
compound to the disulfide. This oxidizing action of bromal hydrate resembles 
that of other “positive halogen” compounds, and it almost certainly results from 
the “abnormal” rupture of C-Br bonds in such a way that the carbon atom 
retains one or both of the two electrons shared in the covalent bond. In the 
former case bromine would separate from carbon in the neutral condition and 
could acquire one electron to become a bromide ion. In the latter case bromine 
would be positively charged and could acquire two electrons to become a bromide 
ion. The fact that 1 mole of bromal hydrate cannot be destroyed mth less than 
2 moles of cysteine suggests that the first step in the oxidative reaction is brought 
about by the separation of one bromine in the positively charged condition. It 
could thus by acquisition of 2 electrons o.xidize 2 molecules of cysteine to 1 of 
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Another factor that may be of great importance in determining the relative 
reactiveness of the halogens is the equilibrium proportion of carbonyl and hy- 
drated, or jem-diol, forms. Davies (23) has attributed the peculiar stability of 
the hydrate of chloral to the interaction of the C-Cl and 0-H dipoles. This leads 
to the configuration, 


H 

\ 

Cl 0 

\ / 

Cl-C— C— H , 

c/ ^0 

h/ 


in which the OH groups are clamped in a position corresponding to maximum 
interaction with the adjacent dipoles, and the H is not free to rotate about the 
C-0 bond. In this form the molecule cannot eliminate water or react as an alde- 
hyde. Davies’ calculations show a frequency distribution of 2.9 X 10® :l in 
favor of this configuration against that in which both hydroxyls are oriented 
away from the chlorine and toward each other. 

In bromal hydrate the halogen is less strongly negative than in chloral hydrate. 
The force to which Davies attributes the stabilization of the pem-diol form will 
accordingly be less. A greater proportion should have hydroxyl groups free to 
rotate, and thus a- greater proportion should be in the carbonyl form. Indeed 
Davies found some indication of absorption by bromal hydrate at 2.76 n, 
the wavelength characteristic of a freely rotating hydroxyl. With chloral hy- 
drate there was no indication of an absorption band at that wavelength. 
Another piece of experimental evidence that might be considered indicative of a 
higher proportion of carbonyl form in the bromine compound is the fact that 
bromal hydrate gives the SchifI test for aldehydes, whereas chloral hydrate does 
not. 

The activating influence of a carbonyl group on the carbon-halogen bonds 
Would be expected to be greater than that of two hydroxyl groups. If the angles 
between the moments and the C-G axis are at all near the values that have been 
given for chloral (24) and chloral hydrate (23), a C=0 moment of 2.8 D should 
exert a greater polarization effect than two C — 0 moments of 0.8 D each. 
Accordingly, in reactions of the type studied here, the carbonyl form would be 
expected to be the more reactive species. The high reactivity of a halogen 
attached to a carbon atom alpha to a carbonyl group is well known. 

The high reactivity of bromal hydrate and the low reactivity of chloral hy- 
drate may then be attributable not only directly to the inherent differences be- 
tween the properties of the C-Br and C-Cl bonds, but also to the fact that 
bromal hydrate can furnish a molecular form containing a more powerful polariz- 
ing group. 

4. The pharmacology of analogous compounds of chlorine and bromine. Most of 
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^0 phenomena can scarcely be thought to have the same physiological basis. 

ougall (3), one of the original workers with bromal h 3 -drate, offered a discerning 
appraisal of its effect: “The bromal hj'drate had undoubtedly lulled sensation, 
but it was by permanently destroying it," 

7-1 Maraldi (20) has long been cited as showing that bromal hydrate, 

like chloral hydrate, undergoes reduction in the body to the alcohol. It was 
in ee i araldi s conclusion that bromal hydrate is excreted entirely in the form 

0 urobromalic acid, a conjugation product of tribromoethanol with glucuronic 
aci . Yet he did not claim isolation of the conjugation product, nor does his 
report present any evidence that can be considered at all convincing that tii- 
bromoethanol was in the urine in any conjugated form. Urobromalic acid was 
un ou te y not actually known prior to its isolation (as a metabolic product of 
tribromoethanol) by Endoh (21) in 1924. From the reactions that bromal 

y rate undergoes in mlro, it appears probable that a considerable proportion, 

1 MO a , 0 the bromine of the compound must leave the body as the bromide 

2. The nature of bromal hydrate toxicity. Although work of the type reported 
here cannot be expected to point conclusively to the mechanism by which the 

rug causes the death of an animal, it does furnish some indications that are at 
least supestive._ A compound that reacts so rapidly ivith sulfhydiyl groups 
under physiological conditions would be e.xpeoted to inactivate the various en- 
zymes the activity of ivliicli has been shmvn to depend upon free sulfhydryl 
groups. Although this mechanism may be sufficient to account for the toxic 
effects of the compound, it is conceivable that biochemical or even phj'sical dis- 
turbances in the cell resulting from other reactions might be of greater impor- 
tance. ^ At any rate, it is difficult to believe that the high toxicity of bromal hy- 
drate is not intimately connected with the high reactivity of the halogen in 
the molecule. 

3. The structural basis of the reactivity of bromal hydrate. The pharmacological 
difference between bromal hydrate and chloral hj'drate appears then fundamen- 
tally to depend upon the ability of the former substance, and the inability of the 
latter, to enter into “positive halogen” reactions under physiological conditions. 
This difference in reactivity of halogen in the two compounds is explicable, in a 
general way at least, in terms of the known structural properties of the mole- 
cules. As explained by Waters (22), “positive halogens” result when the in- 
duced electrostatic energy, due to an electrical field of vector orientation oppos- 
ing that of the carbon-halogen linkage, is greater than the intrinsic electrostatic 
energy of this same linkage. In any two analogous compounds of chlorine and 
bromine, the properties of the carbon-halogen bonds are such as to favor the pro- 
duction of positivity in bromine as compared with chlorine. The electrostatic 
energy of the C-Br bond is less than that of the C-Cl bond. Moreover, the 
polarizability of the C-Br bond is greater than that of the C-Cl bond. Thus the 
dipole moment of a C-Br bond will be influenced to a greater extent than will 
that of an analogous C-Cl bond either by a dipole situated elsewhere in the same 
molecule or by a dipole in a reagent molecule. 
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the pairs of analogous organic compounds of chlorine and bromine that have 
hitherto been studied have shorni little qualitative difference in their pharma- 
cological actions, and the feeling is probably prevalent in pharmacological 
thought that this is the relationship generally to be expected. A typical example 
of this sort is furnished by trichloroethanol and tribromoethanol, compounds 
which both produce anesthesia and which differ principally quantitatively with 
respect to their effective molar concentrations. In pairs of analogous halogen 
compounds that show no striking qualitative difference in pharmacological ac- 
tion, the halogen is not reactive under physiological conditions in either member 
of the pair, or at least not so reactive as obviously to dominate the pharma- 
cological picture. The situation with respect to chloral hydrate and broroal 
hydrate is in marked contrast. These two compounds are remarkable in that 
neither appears to exert its characteristic pharmacological effect as a consequence 
of its physical presence as such in the body, but rather as a result in each case 
of the compound undergoing chemical reactions, the reactions being totally dif- 
ferent in the two cases. The intramolecular electrostatic forces in these mole- 
cules lie in a critical range, where the changes accompanying the replacement of 
chlorine by bromine are sufficient to alter tremendously the probability of the 
molecule entering into a chemical reaction. 

The author is indebted to Dr. Leslie Hellerman for valuable ad^'ice and sug- 
gestions concerning the study of the chemical reactions of broroal hydrate. 

SUMMARY 

1. When bromal hydrate is administered to dogs, neither tribromoethanol nor 
tribromoacetic acid can be demonstrated in the plasma. 

2. Under physiological conditions in vitro bromal hydrate reacts rapidly with 
serum albumin and with cysteine, the latter substance being o.xidized to cystine. 

3. It is suggested that the “positive halogen” properties of bromal hydrate 
are responsible for its high toxicity. 

4. The structural features responsible for the difference in reactivity of bromal 
hydrate and chloral hydrate are discussed. 
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Fig. 1. The Responses of the Sensitized Tracheal Chain to (H) Histamine 
Phosphate 1:500,000 and to the Antigen (Horse Serum 1:2500) 

(W) indicates washing. Upper tracing shows the effect of Benadryl on the histamine 
spasm. Lower tracing shows the effect of Benadryl and epinephrine on the anaphylactic 
spasm. 



MINUTES 

Fig. 2. The Effect of (B) Benadryl, (N) Neo-Antergan, (P) Pyribenzashne, 
Bach in a Concentration of 1:250,000, and (E) Epinephrine 1:5,000,000 
ON THE Spasm Produced by (HS) Horse Serusi on Tracheal 
Chains Made From Guinea Pigs 15 to 17 Days After the 
Sensitizing Injection 


(W) indicates washing. 
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II. THE ANAPHYLACTIC GUINEA PIG TRACHEA AND ITS RESPONSE TO 
ANTIHISTAMINE AND BRONCHODILATOR DRUGS' 
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Received for publication August 30, 1948 

In a recent publication (1) a method tvas presented for the study of broncho- 
dilator and spasmolytic drugs on the tracheal musculature of the guinea pig. 
In that paper a technique was described for magnifying and recording the con- 
strictions and dilatations of the excised trachea when exposed to drugs. Briefly, 
the technique consists in sectioning the entire trachea of a guinea pig into twelve 
rings of approximately equal thickness and connecting the rings in chain-fashion 
with short loops of thread. The “tracheal chain”, as the preparation is called 
by the authors, is mounted vertically in a tissue chamber containing the bathing 
fluid and fastened to a light muscle lever so that the simultaneous constrictions 
and dilatations of the twelve rings in the chain can be recorded. 

The tracheal chain has been found also veiy useful in the study of histamine 
and antihistamine drugs. The results of these e.xperiments were presented in 
another communication (2). The tracheal chain was shown to respond to hista- 
mine with prompt contractions which were sustained at the same level for a long 
period of time, thus facilitating the qualitative and quantitative study of the 
ability of the antihistamine drug to relieve the spasm. One of the outstanding 
features shoivn was that the tracheal chain differentiates between a broncho- 
dilator drug and a truly specific antihistamine substance. 

The present communication deals with the anaphylactic tracheal chain and 
its response to antihistamine and bronchodilator drugs. 

Method. Guinea pigs were sensitized to horse serum by the intramuscular injection of 
0.5 oc. of fresh normal gerum. Tracheal chains were made from these animals 15 to 22 days 
after the injection and mounted individually in a bath of Van Dyke-Hostings’ solution (3) 
maintained at 37.5'C. and modified to contain 0.05 per cent dextrose. The chain was con; 
nccted to a light, sensitive muscle lever yielding twelve-fold magnification; the only tension 
used was that needed to keep the preparation in a vertical position. Satisfactory tension 
was obtained by following the procedure for mounting as outlined in the original paper (!)■ 

In studying the nature of the response of the sensitized tracheal chain to the antigen, we 
studied also its response to histamine and observed the behavior of both responses to anti- 
histamine and bronchodilator drugs. 

Results. The Response of the Sensitized Tracheal Chain to the Antigen. As 
illustrated iu figures 1 and 2, tracheal chains made from guinea pigs sensitized 
to horse serum were found to respond to low concentrations of the antigen with 
prompt contractions which, like those obtained with histamine, were maintained 

> Presented in part at the meeting of the Federation of American Societies for Experi- 
mental Biology held at Atlantic City, New Jersey in March 1948. 
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Figure 3 shows that other bronchodilator drugs, such as aminophylline and 
one of our experimental compounds which has been found to have definite bron- 
chodilator activity, relax the contraction produced by the antigen on the sensi- 
tized tracheal chain. The fact that the anaphylactic spasm reappears after the 
epinephrine and aminophylline are removed from the bath, indicates that the 
temporarj'^ relaxation is merelj'' the result of a drug acting in an opposite direction. 

Discussion. Ever since Dale and Laidlaw (4) first presented the histamine 
theory of anaph}'lactic poisoning, it has been the favored concept among most 
investigators that the major mechanism of the antigen-antibody mediation of 
anaphylaxis and allergy involves abnormal liberation of histamine. The results 
presented in this paper stir up interesting speculations as to the role that hista- 
mine really plays in the production of the anaphylactic spasm in the tracheal 
chain. 

A possible explanation for the failure of the antihistamine drugs to alleviate 
the anaphylactic spasm of the tracheal chain is suggested in the theoiy recently 
Tpostulated by Dale (5), that the reaction produced when sensitized plain muscle 
encounters the antigen may be the result of “intrinsic histamine”. Since in the 
sensitized tracheal chain we are dealing with isolated smooth muscle, it is possible 
that this internally-liberated' histamine is not reached by the antihistamine 
present in the surrounding bathing fluid. 

The finding that the anaphylactic spasm, as produced in the guinea pig trachea, 
is not relieved by antihistamine drugs but is relieved by bronchodilator drugs, is 
in agreement with the clinical findings (6-8) that, although antihistamine drugs 
are of definite therapeutic value in many allergic conditions, they are not effective 
in the relief of certain types of allergic asthma, where bronchodilator drugs are 
effective. 


SUMMAET 

1. Tracheal chains made from guinea pigs sensitized to horse serum respond 
to relatively low concentrations of the antigen with prompt contractions which 
are maintained at the same level for a long period of time. 

2. These anaphylactic spasms are not relaxed by antihistamine drugs but are 
relaxed by bronchodilator drugs. 

3. The anaphylactic spasm, as produced in the guinea pig trachea, differs from 
that produced by histamine, not only in its resistance to antihistamine drugs but 
also in the fact that the anaphylactic spasm cannot be relaxed by washing. 
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at the same level for a long period of time. The best anaphjdactic spasms were 
obtained with tracheal chains made from guinea pigs 15 to 17 da3's after the 
intramuscular injection of horse serum. Tracheal chains made from the sensi- 
tized animals at later daj's (see figure 3), were found to respond to the antigen 
with contractions which, although prompt, were not sustained. 

The anaphjdactic spasm was found to differ from that produced by histamine 
(see figures 1 and 3), in that the histamine contraction could be relaxed bj' simple 
washing and also could be reproduced, whereas the anaphj'lactic spasm could not 
be washed off and consequentlj' could not be reproduced. As shown in figure 3, 
even though the spasm produced bj' the antigen was weak, it could not be relaxed 
by washing nor was it enhanced by the addition of a second dose of horse seru m 



Fig. 3. The Antigenic Response of Tracheal Chains Made fro.m Guinea Pigs 
22 Days after the Sensitizing Injection of Horse Serum 
The effect of aminophylline and an experimental bronchodilator drug (17-124) is also 
shown, as well as the responses of the preparations to (H) histamine phosphate 1:SU0,000. 
(W) indicates washing. 

The Effect of Antihistamine and Bronchodilator Drttgs on the Anaphylactic 
Spasm. Figures 1 and 2 shotv that the spasm produced by the antigen on the 
anaphylactic tracheal chain is not relieved by relatively high concentrations of 
highly active antihistamine drugs such as diphenhydramine (Benadrjd), tri- 
pelennamine (Pyribenzamine) and pyranisamine (Neo-antergan), even when 
allowed to act for a long period of time. However, a good bronchodilator drug 
such as epinephrine, causes a prompt relief. In sharp contrast, the upper tracing 
of figure 1 shows that the marked spasm induced by histamine can be relaxed by 
a relatively low concentration of Benadrjd. The smaller contractions obtained 
with subsequent equal doses of histamine, indicate the slow recoverj^ of the prep- 
aration from the effect of the antihistamine drug. 
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Figure 3 shows that other bronchodilator drugs, such as animoph 5 'lline and 
one of our experimental compounds which has been found to have definite bron- 
chodilator activity, relax the contraction produced by the antigen on the sensi- 
tized tracheal chain. The fact that the anaphylactic spasm reappears after the 
epinephrine and aminophylline are removed from the bath, indicates that the 
temporary relaxation is merel 3 ’’ the result of a drug acting in an opposite direction. 

Discussion. Ever since Dale and Laidlaw (4) first presented the histamine 
theory of anaphj'Iactic poisoning, it has been the favored concept among most 
investigators that the major mechanism of the antigen-antibody mediation of 
anaphylaxis and allergy involves abnormal liberation of histamine. The results 
presented in this paper stir up interesting speculations as to the role that hista- 
mine reallj’’ plays in the production of the anaphjdactic spasm in the tracheal 
chain. 

A possible explanation for the failure of the antihistamine drugs to alleviate 
the anaphylactic spasm of the tracheal chain is suggested in the theory recently 
liostulated by Dale (5), that the reaction produced when sensitized plain muscle 
encounters the antigen may be the result of “intrinsic histamine”. Since in the 
sensitized tracheal chain we are dealing with isolated smooth muscle, it is possible 
that this internally-liberated' histamine is not reached by the antihistamine 
present in the surrounding bathing fluid. 

The finding that the anaphylactic spasm, as produced in the guinea pig trachea, 
is not relieved by antihistamine drugs but is relieved by bronchodilator drugs, is 
in agreement with the clinical findings (6-B) that, although antihistamine drugs 
are of definite therapeutic value in many allergic conditions, they are not effective 
in the relief of certain types of allergic asthma, where bronchodilator drugs are 
effective. 


SUMMARY 

1. Tracheal chains made from guinea pigs sensitized to horse serum respond 
to relatively low concentrations of the antigen with prompt contractions which 
are maintained at the same level for a long period of time. 

2. These anaphylactic spasms are not relaxed by antihistamine drugs but are 
relaxed by bronchodilator drugs. 

3. The anaphylactic spasm, as produced in the guinea pig trachea, differs from 
that produced by histamine, not only in its resistance to antihistamine drugsbut 
also in the fact that the anaphylactic spasm cannot be relaxed by washing. 
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at the same level for a long period of lime. The best anaphjdacfic spasms were 
obtained with tracheal chains made from guinea pigs 15 to 17 days after the 
intramuscular injection of horse serum. Tracheal chains made from the sensi- 
tized animals at later daj's (sec figure 3), were found to respond to the antigen 
with contractions which, although prompt, were not sustained. 

The anaphylactic spasm was found to differ from that produced by histamine 
(see figures 1 and 3), in that the histamine contraction could be relaxed by simple 
a ashing and also could be reproduced, whereas the anaphylactic spasm could not 
be washed off and consequently could not be reproduced. As shown in figure 3, 
even though the spasm produced by the antigen was weak, it could not be relaxed 
by washing nor was it enhanced by the addition of a second dose of horse seru m 



M/ MUTES 

Fig. 3. of Tracheal Chains Made froji Gui.vba Pigs 

a-L f Injection of Horse Seruii 

‘*c?'"°P’‘3'fiino and an experimental bronchodilator druR (47-124) is also 
OV) i^d^aLi 1° (H) histamine pholphate 1:500,003. 


The Effect of Antihistamine and Bronchodilator Drugs on the Anaphylactic 
Spasm. Figures 1 and 2 show that the spasm produced b 3 '' the antigen on the 
anaphylactic tracheal chain is not relieved by relatively high concentrations of 
highly active antihistamine drugs such as diphenhydramine (Benadr 3 d), tri- 
pelennamine (Pyribenzamine) and pyranisamine (Neo-antergan), even w'hen 
allow’ed to act for a long period of time. However, a good bronchodilator drug 
such as epinephrine, causes a prompt relief. In sharp contrast, the upper tracing 
of figure 1 shows that the marked spasm induced bj' histamine can be relaxed bj' 
a relatively low concentration of Benadryl. The smaller contractions obtained 
with subsequent equal doses of histamine, indicate the slow recovery of the prep- 
aration from the effect of the antihistamine drug. 
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Compounds (II), (HI) and (IV) were synthesized in our laboratories by C. 
Ernst Redemann, Burnett B. Wisegarver and Roland N. Ickc, and the details 
will be published elsewhere (7). Assignment of the 2-(metamethoxybenzyl)-6 ,7- 
methylenedioxy-8-methoxy-l,2,3,4-tetrahydroisoquinoline structure (III) for 
the isomer having the higher melting hydrochloride and the 2-(metamethoxy- 
benzyl) - 6 - methoxy - 7,8 - methylenedioxy-1,2,3,4 - tetrahydroisoquinoline 
structure (IV) for the isomer having the lower melting hydrochloride was made 
upon the basis of the work of Salway (8) on the synthesis of cotarnine. 

Experimental. The three compounds having the structures given were used 
in the form of their hydrochlorides. The secondary amine lacking the N-methyl 
group of compound (II) was also available from the synthesis work in the form 
of its hydrochloride, and was used to discover if there were any specific effect of 
the N-methyl group or the tertiary amine function of compound (II). The 
a-fagarine hydrochloride used was prepared in our laboratory from Fagara coco 
leaves and was recrystallized from ethanol. The product used had a melting 
point of 159-160®, and gave elementary analyses corresponding to CnHjsNOs- 
HCl-CiHsOH and a molecular weight of 452. 

Inhibitory Effects on Isolated Auricle. While quinidine and like compounds 
act to depress cardiac function generally, their effect on the auricle is of primary 
therapeutic interest. This type of activity appears to be satisfactorily valued 
by the method of Dawes (9, 10). After considerable experimentation we have 
found guinea pig preparations to be as suitable as those from the rabbit. 


Method. With certain modifications of apparatus (figure 1), the method of Dawes was 
used. The auricles were carefully dissected from a guinea pig heart and suspended in a 
29°C. bath of oxygenated Locke solution containing per liter: NaCI 9.0 grams, KCl 0.42 
grams, CaCl2-2HjO 0.48 grams, NaHCOi 0.30 grams, dextrose 1.0 gram, with pH adjusted to 
7.6. The lower tip of the auriele was fixed in the orifice of n small bulb which formed a 
removable cap which was placed over the end of the U-shaped glass tube carrying the single 
Nichrome electrode. Oxygen was passed through the tube so that it escaped into the bath 
through the orifice nearly obliterated by the tip of the auricle. In this way the entire 
preparation was immersed in the Locke solution with a direct suspension from the recording 
lever without short-circuiting the electrodes. The single electrode made contact with the 
lower tip of the auricle and was kept at zero potential by direct connection to the grounded 
chassis of the stimulator. The bath served as the anode and was connected to the stimula- 
tor output. The stimulator used gave rectangular pulses of 3 milliseconds duration at 
frequencies continuously variable from 120 to 900 shocks per minute. 

After allowing 30 minutes for equilibration of the preparation, the threshold intensity 
for stimulation was determined at a frequency of 170 shocks per minute, and the stimulator 
output voltage was set for the experiment at ten times the threshold value. The basal 
maximum frequency maintaining a 1 : 1 ratio between stimulus and response was determined 
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Studies by Stuckert (1) have particularly well defined three major alkaloids 
present in the South American plant Fagara coco. The one designated as a-faga- 
rine is a base of a chemically different tjT)e from the |8- and 7-fagarines. The 
latter bases have been since established as the dimethoxy and monomethoxy de- 
rivatives of dictamnine, and both compounds have its methoxyfuroquinoline 
structure (2, 3). Under the name of skimmianine, j8-fagarine has been studied by 
Honda (4), with regard to certain of its pharmacological actions. 

Deulofeu and co-workers (5, 6) have proposed (I) as a provisional structure for 
«-fagarine, the position of the methoxy, methylenedioxy and methylene groups 
being unestablished. Interest in the problem of its structure has been increased 
by the recent publication of a short note (6) which reported the successful thera- 
peutic use of the compound in six patients manifesting auricular flutter or fibrilla- 
tion. It was of interest to synthesize one of the possible compounds of the gen- 
eral structure (I) in order to compare its pharmacological properties with those 
of a-fagarine and other depressants of the cardiac mechanisms. 


CH3O 

CHjOj 



N— CH,— 


CHj 



( 1 ) 



From the work of these investigators it appeared that the metamethoxyben- 
zylamine part of the structure was established. The most common relationship 
of the other groupings in naturally occurring alkaloids is that of homomyristicy- 
lamine.. Among commonly occurring alkaloids corresponding tetrahydroiso- 
quinoline structures are often found, as in the mescal tetrahydroisoquinoline 
alkaloids anhalonine and lophophorine. It was of interest, therefore, to compare 
the pharmacological properties of the tetrahydroisoquinolines (III) and (IV) 
with those of the open chain compound (II). 
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All of the compounds of table 1 caused a moderate reduction in the spontaneous 
rhythm of the auricles, but this was not satisfactorily quantitated. Quinidine 




B 

Fig 2 Response of Isolated Guinea Pig Aukicle to 6 X 10*® Molal N-Meth\l (m- 
Methox\benz\l)-Homomtristicylamine HCl (A), and to a Fagarine HCl (B) 

The figures in line F represent the frequencj of stimulation in shocks per minute at the 
moment of the first dropped beat, as indicated by the marked increase in amplitude of the 
next beat Stimulation \\as discontinued at that time, and the drum was stopped between 
determinations Time is in minutes after introduction of the drug into the bath 

sulfate and papaverine hydrochloride were chosen as reference standaids for the 
above comparisons a-Faganne appears to be quite as acti\e a depressant of 
the guinea pig auricle as is quinidine, and several times moie active than papav- 
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by gradually increasing the stimulation frequency up to the rate at which the auricle began 
to drop beats, as indicated by the greater amplitude of the next contraetion (figure 2). 
Appropriate dosage of drug was then added to the bath and determinations of the maximum 
frequency were made at the end of 1 minute and at 2 minute intervals thereafter through 21 
minutes. 

Dosage with any of the compounds caused an unpredictable reduction of sensitivity to 
the same or other compounds. Since this reduction in sensitivity did not disappear within 
an hour after repeated washing with fresh Locke solution, it limited the usefulness of each 



Fig. 1. Schematic Abkangement op Appabatus 
B-glass bulb with 2 mm. orifice in tip. E+, E. — electrodes. J-heating jacket warmed by 
circulation of water from constant temperature bath. L-recording lever. O-fritted glass 
gas dispersion tube for oxygenation of bath. O'-oxygen forced through U-tube to keep 
bulb free of Locke solution. P-isolated auricle preparation. Ri-inlet from Locke solution 
reservoir. Bo-outlet from bath. S-rubber sleeve toanchor lower tip of preparation and 
to hold bulb in position. Th-silk thread. T-thermometer. 

preparation to a single dose of a single compound. Three separate preparations for each 
dosage of each compound were used in the experiments reported in the present study. 

The relative activities of the compounds at two dosages are presented in table 
1. In each case the observed maximum frequency was expressed as a per cent 
of the basal value, and the reduction in maximum frequency determined by sub- 
traction of this from 100 per cent. Each figure represents the average of the three 
preparations used. For comparison, the mean per cent reduction during the 21 
.minute test period was calculated and is given in the last column of table 1. 
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to 10”*. At concentrations from 5 X 10”* to 10“’ molal, however, contraction 
was the usual response, with mixed effects commonly noted in the range of 10“* 
to 5 X 10“* molal. The contraction, or stimulant, effects of a-fagarine evident 
in the higher concentration range were not affected by pretreatment with a 1/10 
to 1/2 mol ratio of atropine. 

The synthetic compounds were similar in that both types of activity were found 
at appropriate concentration ranges, but their quantitative activities were differ- 
ent. Metamethoxybenzyl homomyiisticylamine was depressant at 2 X 10”* 
molal and more actively depressant than a-fagarine in this concentration and up 
to 5 X 10“^ molal. At this higher concentration, and on occasion even at 10“* 
molal, some stimulant activity of the metamethoxybenzyl homomyristicylamine 
was to be observed. The N-methyl derivative (II) was more actively stimulant, 
being about 5 times more active in this respect than ot-fagarine. The isoquino- 
line isomers (III and HO produced relaxation at about 10“* molal, but showed 
stimulant activity at higher concentrations. This stimulant activity was com- 
parable to that of the N-methyl derivative (II). 

In contrast to the mixed effect of a-fagarine and the synthetic compounds, 
which were dependent on the concentration ranges used, the effects of quinidine 
and papaverine were observed to be depressant only, and caused relaxation in all 
the.concentration ranges that had been studied with the other compounds. At 
low concentrations of about 2 X 10“’ molal, quinidine and papaverine were 
about as actively depressant as metamethoxj'benzyl homomyristicylamine. At 
higher concentrations of about 5 X 10“* molal, quinidine and papaverine were 
actively relaxing in their action, while metamethoxybenzyl homomyristicylamine 
exhibited slight stimulant action, and a-fagarine was definitely stimulant in its 
action. 

The amplitude of the spontaneous contractions of the ileum is reduced by 
quinidine and papaverine, and usually by metamethoxybenzyl homomyristicyl- 
amine. After a-fagarine in low concentrations, the amplitude of such rhythmic 
contractions is usually reduced, but in higher concentrations, particularly with a 
moderate increase in tone, the amplitude of the spontaneous contractions may 
be markedly increased. With the compoimds (II), (III) and (IV) the amplitude 
of spontaneous contractions is usually markedly increased. 

It was desirable to value approximately the extent to which the compounds of 
interest exhibit antagonism to the stimulant effects of acetylcholine and histamine 
on guinea pig ileum. The direct effect of these compounds on the ileum is con- 
siderable and complicates quantitative conclusions, but an estimate of such an- 
tagonistic activities could be made. Quinidine and papaverine at 10“^ molal 
produced notable diminution of response to acetylcholine at 10“* molal, while 
a-fagarine was almost inactive under the same concentration ratio conditions. 
Metamethoxybenzyl homomyristicjdamine, its N-methyl derivative (II) and 
the isoquinoline isomers (III) and (IV) were about as active as papaverine in 
antagonizing acetylcholine under the same conditions. 

Against histamine, the synthetic compounds were somewhat different in their 
relative antagonistic activities. Using 10“* molal concentrations of the com- 
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erine, in the lower dosage range studied. Comparison at the lower dosage range 
appears to be the more useful, for it is notable that the reduction in maximum 
frequency at the higher dosage range is similar for all the compounds studied. 
This would indicate that a sufficient amount of almost any compound of these 

TABLE 1 

Comparison of Compounds on Maximum Frequency of Stimulation Which Can Be FoUoiced 

by Isolated Auricle 


(Figures are per cent reduction from initial maximum frequency) 



1 — I , , , 1 1 1 1 1 1 

a-Fagarine HCl 1.0^ 1 .9|11 .8 18.4 21 .9 23. 1 25.9 27. 22S. 7 28.8 32.4 33.5 23.1 

2.5 8.810.920.327.631.638.437.838.841.644.344.4 31.3 


Metamethoxybenzyl homo l.Oj 5.611.215.819.020.022.7,22.8 24.7 25.526.527.0 20.1 
myristicylamine HCl 2.5 4.6’l0.4'l8.3 23.4 28,331.4'33.537.741.0'44.ll46.9 29.1 

I I I I I I I I I 1 

N-Methyl metamethoxy- 1.0 5.510.3 12.8 12.3 9.714.817.018.6 22.124.422.9 15.5 
benzyl homomyristicyla- 2.5 9.4 14. 220. 030. 234. 735. 335. 9 37 . 4 39. l'40. 541. 6 30.8 
mine HCl 

( 11 ) 

2-(Metamethoxybenzyl)-6, 1.0 3.5 7.8 12.313.616.1 19.2 22.4 22.4 23.8,24.925.8 17.4 
7-methylenedioxy-8-me- 2.5 2.9 10.218.0 22.9 25.0 29.031 .2 33.8 36.938.6 40.8 26.3 
thoxy-1 ,2,3, 4-tetrahy- 
droisoquinoline HCl 
(HI) 

2-(Metamethoxybenzyl)-6- 1.0 5.4 4.9 6.2 9.211.712.515.017.118.8 20.220.8 12.9 
metho.\y-7,8-methyIene- 2.5' 8.1 14.921.726.331.835.939.l’41.0 44.0'46.0'48.2 32.5 
dio.xy-1 ,2,3, 4-tetrahy- 
droisoquinolino HCl 
(IV) 

Quinidine-^HiSO, 1.0 5.8, 8.213.517.519.5 22.5 25.7 26.3 26.3 28.328.6 20.2 

2.510. ye. 3 22.929.231. 9 34. 6 37. 138. 4'41. 5 42. 9j43. 9 31.7 

Papaverine HCl 1.0^ 1.6 2 . 9 } S.J 6 . 9 } 5 . 7 } 7.l| 7.0 9.3 IO. 2 I 1 O. 4 10.7 7.0 

2 . 5 ' 4. 8 10.3 16.422. 927. 833. 234. 737. 739. 140. 4'40. 8 28.0 

I » I ■ < I I t I I I 

general types can produce a mean reduction in maximum frequency of about 
25r30 per cent. 

Effects on Isolated Ileum. Ileum strips from the guinea pig were suspended in 
oxygenated Locke solution of the same composition as that used for the auricle 
preparations, but the bath was kept at 37°C. a-Fagarine caused relaxation of 
the muscle at low concentrations, in the range of molar concentrations from 10“^ 
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marked depression, slowing of respiration, and a few clonic twitchings prior to 
death. 

Discussion. In weighing the import of a reduction by a drug in the maximum 
frequency of electrical stimulation to which an isolated auricle preparation can 
respond with a 1 ; 1 stimulus-response ratio, it is imperative that the physiological 
events which result in such a reduction should be considered. Dawes (10) con- 
siders that inasmuch as it involves measurement of the maximal rate, his method 
depends principally on refractory period. De Elio (13) further pointed out that 
it serves as a measure, not of the absolute refractory period (the length of time 
before the muscle mil again respond to a stimulus of any intensity), but of the 
effective refractory period (the length of time before the muscle can again trans- 
mit a propagated wave to any distance). As it has been used, it would appear 
to be the effective refractory period w'hich is measured by the isolated auricle 
preparation. 

Quinidine is considered to stop auricular fibrillation principally by prolonging 
the effective refractory period of auricular muscle both directly and by abolishing 
vagal tone, although it also depresses conduction in the junctional tissues (14). 
a-Fagarine has been showm by Moisset de Espan^s to have similar actions (15). 
In so far as the action is of the former type, the isolated auricle preparation 
should be of value in deciding whether a compound might be expected to prevent 
auricular flutter or flbrillation. Wegria and Nickerson (16) found that quinidine, 
papaverine, and procaine, compounds which lengthen the refractory period gen- 
erally, raise the fibrillation threshold in dogs. The threshold was not only 
significantly raised, but was maintained for a significant length of time. 

Even a lengthening of the refractory period is doubtless due to a generalized 
depression of cardiac tissue. Moisset de Espanfe (17) demonstrated with respect 
to a-f^arine, that it is more active in raising the chronaxie of the myocardium 
of the toad than is quinidine. He found (18) that, within the useful dosage range 
in dogs, the action of a-fagarine and quinidine can be considered as similar. 
With respect to the ventricle, however, a-fagarine was the most active. Moisset 
de Espanfe and Moyano Navarro (15) showed in dogs a depression of both con- 
duction time and irritability following a-fagarine. They reported that a-fagarine 
may increase the cardiac frequency by removing vagal tone (atropine-like action) 
but with inhibition of the vagus, negative chronotropism is clearly seen. Thus, as 
summarized by Deulofeu (19), a-fagarine produces a marked depression in all the 
fundamental properties of the heart. 

In adequate dosage, any substance which lengthens the refractory period of 
heart muscle (or of nerve) can be expected to have a fibrillation-inhibiting action 
and to cause a decrease in the maximum frequency which the isolated guinea pig 
auricle can follow. Therefore, one should not expect the preparation to be a 
highly specific index of “quinidine-like” activity, but rather a measure of depres- 
sant action on the heart tissue resulting, in part, in a lengthening of the effective 
refractory period. 

Moisset de Espanfe (20) reported that a given concentration of a-fagarine may 
produce an elevation in tonus, a relaxation, or a mixed response in guinea pig 
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pounds against 10“° molal histamine, a-fagarine reduced the response by about 
30 per cent, while papaverine caused an 80 per cent reduction, and the N-methyl 
derivative (II) completely suppressed the response. Better quantitative valua- 
tion was obtained b 3 ’’ using lO”'^ molal concentrations of the compounds against 
10~* molal histamine, and the following average reductions in response were 
obtained: quinidine 21 per cent, papaverine 23 per cent, a-fagarine 13 per cent, 
metamethoxybenzyl homomyristicylamine 42 per cent, (II) 60 per cent, (III) 
32 per cent, and (IV) 34 per cent. 

Acute Toxicities. To complete the comparisons of the relative activities of 
a-fagarine and the N-methyl metamethoxybenzyl homomyristicylamine (H) 
example of the provisional structure of a-fagarine proposed by Deulofeu and co- 
workers (5, 6), a study of the respective toxicities was carried out. White mice 
of the same strain and weighing approximately 20 grams were used, and the ap- 
propriate quantity of a 10“^ molal aqueous solution of the hydrochloride was in- 
jected intraperitoneally. Groups of 10 mice for each of three dosages were used 



Fig. 3. Isolated guinea pig ileum tracings, with dosages given ns molal concentrations: 
1, lO'* Histamine; 2, 10'‘ Papaverine HCI followed by 10~* Histamine; 3, 10"' Histamine; 
4, 10"* a-Fagarine HCI followed by 10~* Histamine; 5, 10"' Histamine; 6, 10"* N-Methyl- 
(m-Methoxybenzyli-Homomyristicylamine HCI followed by 10"' Histamine. 

and the LDto computed from the results by the method of Bliss (11). The 
LDr) for a-fagarine was found to be 0.412 ± 0.023 millimols/kgm. (167 mgm./- 
kgm. of its hydrochloride), a value which does not agree very well with the 
93-100 mgm./kgm. reported by Moisset de Espan4s (12). For the N-methyl 
derivative (II) the LDjo was found to be 0.326 ± 0.041 millimols/kgm. (118 
mgm./kgm. of its hydrochloride). In comparison with these compounds, the 
LDjo of papaverine was found to be 0.348 db 0.017 millimols/kgm. (130 mgm./- 
kgm. of its hydrochloride). 

AU three of these compounds exhibit some degree of convulsant activity, but 
there were marked differences in the character and severity of the convulsions. 
Although the animals receiving 0.6 millimols/kgm. of a-fagarine showed some 
evidences of depression they also exhibited clonic convulsions, but the respiration 
did not appear to be arrested by the muscular spasms. Those receiving 0.4 
millimols/kgm. of (II) showed violent clonic convulsions with severe tonic 
extensor spasm which locked the respiratory muscles in a manner suggestive of 
strychnine. Following 0.4 millimols/kgm. of papaverine, the animals showed 
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SUMMARY 

1. The cardiac inhibitory effects of metamethoxybeniyl homomjTisticyla- 
mine, its N-methyl derivative, and of 2-(metamethoxybenzyl)-6,7-inethylenedi- 
oxy-S-methoxj'- and 2-(metamethoxybenzyl)-6-methoxy-7 , 8-methylenedioxy- 
1,2,3,4-tetrahydroisoquinoline are similar to those of a-fagarine. 

2. In the lower dosage range used, the first of these compounds was comparable 
to a-fagarine in the intensity of its inhibitory effect, while the rest of the com- 
pounds appeared to be less active. At a higher dosage range all of the compounds 
and a-fagarine appeared to be equally inhibitory. 

3. Studies on isolated ileum showed that a-fagarine, imlike quinidine or papa- 
verine, exerted a depressant effect in lower dosages and a stimulant effect at 
higher dosages. This stimulant effect was not abolished by atropine. The 5311- 
thetic compounds also showed the stimulant as well as depressant effects, though 
they were quantitatively different. 

4. In antagonizing the actions of acetylcholine on the ileum, a-fagarine was 
quite inactive, while the S3mthetic compoimds were about as active as papaverine. 
Against histamine, a-fagarine had only limited actiidty, while the S3mthetic 
compounds showed considerably more activit3' and were more active than either 
quinidine or papaverine. 
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intestine. Our results agree with those which he reported, but by observing the 
effects of a wide range of dosages on the same preparation it has become apparent 
that weak concentrations of a-fagarine result in relaxation, that high concentra- 
tions result in contraction, and that intermediate concentrations may give tran- 
sitional effects. This probably indicates the involvement of two distinct mech- 
anisms in the response to these compounds. From the fact that transitional 
stages exist at dosages intermediate between those producing contraction and 
those which result in rela.xation, it would appear that these mechanisms are simul- 
taneously occurring and are in a greater or lesser degree of balance. The relative 
threshold concentrations for the two systems are, however, fairly well separated, 
the spasmolytic activity occurring at a much lower concentration than the 
stimulant action. The latter, however, is obviously the dominant action, and 
in adequate concentration, completely masks the relaxation of the intestine. 
The concentration threshold may vary considerably from preparation to prepa- 
ration. 

In view of the claim by Moisset de Espanfo and Moyano Navarro (15) that 
a-fagarine shows an atropine-like action in abolishing vagal tone, it is somewhat 
surprising to find such a slight influence on the effect of acetylcholine on the iso- 
lated ileum, inasmuch as atropine will completely suppress acetylcholine stimula- 
tion under similar conditions. It might suggest that the action of cr-fagarine is 
more intimately concerned with the muscle than with a neuro-musoular mech- 
anism. 

Probably the most significant result obtained from the present study has been 
the demonstration from a comparative standpoint that, although qualitatively 
similar, a-fagarine and N-methyl metamethoxybenzyl homomyristicylamine are 
not identical, nor is a-fagarine identical pharmacologically with any of the com- 
pounds tested. This confirms the conclusion of Redemann, Wisegarver and 
Icke (7) based wholly on chemical differences.* The most striking physiologic 
difference in activity between a-fagarine and the compound of the structure pro- 
visionally suggested by Deulofeu (5, 6) was with respect to their antagonism to 
histamine and acetylcholine, although the character of convulsant activity found 
in the toxicity studies also showed clear-cut discrepancy between the compounds. 

That greater differences in activity on the isolated auricle preparation were not 
encountered does not argue against this concept, since, although they showed 
some differences at weaker concentrations, all of the compounds studied showed 
marked similarity in activity at higher ones. This is in line mth the findings of 
iJawes (9, 10) that compounds of widely diverse types show “quinidine-like” 
activity on the isolated auricle, and indicates that the preparation lacks a suffi- 
cient specificity to clearly delineate between the compounds used in this study. 

Although a relationship probably exists between the degree of depressant action 
of the compounds on the isolated auricle preparation and therapeutic efficacy in 
auricular flutter or fibrillation, the demonstration of the clinical effectiveness of 
these or other compounds of course must await direct clinical evaluation. 

• Since this manuscript was submitted, Surrey (J. Am. Chem. Sue. 70, 2SS7, 194S) reported 
the synthesis of N-methyl metamethoxybenryl homomyristicylamine. He also concluded 
that the compound is not identical with a-fagarine. 
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■chloride per 50 cc. tissue bath was chosen as a standard concentration. After 2 minutes 
exposure to the drug, the bath was flushed out 3 to 5 times. The responsiveness of the 
segments to 10 agm. of epinephrine base was used as a control. Four cat hearts were pre- 
pared for perfusion by the Langendorff method and these agents were added to the perfusion 
fluid in amounts ealculated to give concentrations of 1:10,000-1:100,000. Four guinea pig 
lungs were perfused by the method of Tainter, Pedden and James (5)- Following constric- 
tion with 1 mgm. histamine phosphate, 1-10 mgm. of the amines were administered. 

Analeptic activity in anestheticed mice. Groups of 10 albino mice received 65 mgm. of 
sodium pentobarbital {0.325 per cent solution) per kgm. intraperitoneally. One group was 
used as control and the other groups received 20 mgm. of phenisopropylamine hydrochloride 
per kgm., 20 mgm. of phenethylamine hydrochloride per kgm., or 20 mgm. of l-phenyl-2- 
butylamine hydrochloride per kgm. subcutaneously, 15 minutes after the pentobarbital. 
The time until the mouse assumed an erect position was recorded. The number of mice 
that survived for 24 hours was recorded. The assay was repeated with fresh mice 4 days 


TABLE 1 


CEznacAL KASo: 

BABBITAUZCD DOCS 

Amine bydrochlondes 

Pressor activity; 
microgranu of 
epinephrine 
equivalent to one 
mgm. of amine 
hydrochioride 

Duration; time 
(minutes) for 
pressor rise to be 
S0% above 
normal 

2-Phenylethylamine 

10.5 ds 2.1 

1.9 ± 0.3 

l-Phenyl-2-propylamine 

€ CHjCH— CH, 

NH, 

4.6 ± 1.6 

8.3 sfc 3.7 

1-Phenyl -2-butylaniine 

€ CH-CH— CHjCH, 

NH- 

3.6 = 1.9 

14.4 ± 5.9 


BABBIT JEJUKUK 


Per cent change in 
tone produced by 
100 xsgm./liter 


+100- -10 


+50- -40 


+10- -70 


later, and repeated again u-ith double the amount of amines. The procedure is essentially 
that of Chakravarti (6) . 

Oral effects in man. Four experiments were performed in each of 3 adult males (26-34 
yearB;67-81 kgm.). The agents were given orally in warm water 2i hours after a light morn- 
ing or noon meal. The sj'stolic and diastolic blood pressure and the pulse rate were re- 
corded every 10 minutes for 3 to 4 hours while the subject remained sitting quietlj'. Experi- 
ments -were performed once each week. One set of experiments was performed using the 
finger ergograph fatigue method of Alles and Feigen (7). 


Restjlts. l-Phenyl-2-butylamine is about 35 per cent as active a vasopressor 
agent as phenethylamine, and about 75 per cent as active as phenisopropylamine, 
on a weight basis, in barbitalized dogs. The ratios are slightly larger for 1- 
phenyl-2-butylamine on a molecular basis. It has been demonstrated pre- 
viously (8) that phenisopropjdamine is only about one-half as potent in raising 
the blood pressure of the barbitalized dog as phenethylamine. 
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Since the fundamental study by Barger and Dale (J) of the relationship be- 
tween the chemical constitution and physiological action of the sympathomimetic 
amines, numerous investigations have been made of many structurally and phar- 
macologically related compounds. Alles (2) showed that the introduction of a 
methyl group into the 1- or “alpha" position of the fundamental 2-phenylethyla- 
mine structure led to a compound, now knov\'n as amphetamine, that produced 
greatly prolonged sympathomimetic effects and central nervous system stimula- 
tion, even on oral administration. The next obvious step was to determine the 
activity of the compound with an ethyl group in place of the methyl group. This 
compound, l-phenyl-2-butylamine, was one of a series of compounds investigated 
by Hauschild (3) in a routine survey of 27 phenylalkylamines. Since he did not 
find it particularly outstanding by any of the assay procedures employed, it has 
apparently received little further attention. In this study, l-phenyl-2-butyl- 
amine hydrochloride' has been compared with 2-phenylethylamine hydrochloride 
("beta-phenethylamine”) and l-phenyl-2-propylamine hydrochloride (“phen- 
isopropylamine” or “amphetamine"). 

EXPEWMENTAi/ PBOCEDURB. Blood pressure effects in dogs. In order to avoid the error 
that can be introduced by tachyphylaxis we resorted to a modification of the method of 
Chen (4) of standardization with an agent, such as epinephrine, that neither produces nor 
is affected by this phenomenon, and followed by the injection of a teat dose of the agent 
under consideration. Eighteen apparently healthy, adult mongrel dogs (S.5-17 hgm-) 
were used; these were anesthetized with sodium barbital (330 mgra./kgm.) administered 
intraperitoneally 90 minutes prior to use. Blood pressure was recorded by the usual 
mercury manometer and soot kymograph. The animals were standardized with graded 
doses of epinephrine (1-12 raicrograms/kgm.) and the I mgm. test dose of the agent 
per kgm., as a 1 per cent solution of the hydrochloride salt, was injected into a femoral 
vein. At varying time intervals, this dose of the same drug or a related drug was injected 
until the blood pressure level permanently changed, or until there was evidence of decreased 
responsiveness of the animal. The epinephrine equivalence data given in table 1 are based 
on the response to the first injection of a drug into the animal after the epinephrine stand- 
ardization. Six animals were used for each drug. An additional 4 animals were prepared 
and each received 1.4 mgm. of l-phenyl-2-butylamine hydrochloride per kgm. for compar- 
ison of the duration of action with the approximately equipressor dose (1 mgra./kgm.) of 
phenisopropylamine hydrochloride. 

Isolated tissue segments. Sections of jejunum from 4 rabbits were placed in oxygenated 
Tyrode solution at 37-38°C. After some preliminary observations, 5 mgm. of amine hydro- 

’ 1 am grateful to Dr. Jerome Martin, Commercial Solvents Corporation, Terre Haute, 
Indiana, for generously supplying the phenisopropylamine and l-phenyl-2-butylamine 
bases from which the corresponding hydrochlorides were prepared in this laboratory. I 
am grateful to D. A. Herring and F. K. Hampton for technical assistance. 
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Oral doses as higli as 6 mgm. of phenethylamine hydrochloride per kgm. had 
no demonstrable effect in the indimduals tested. Doses of 0.25 mgm. 1-phenyl- 
2-butylamme hydrochloride per kgm. produced some talkativeness but no obvious 
changes in blood pressure or pulse rate over a 3-hour period. The subjects stated 
that they felt the tj'pical effects that occur with phenisopropylamine, such as a 
sense of veil-being, friendliness, and the inability to stop talking. Ergograph 
results at this dose level of l-phenyl-2-butylamine were not conclusive. Twice 
this dose of l-phenyl-2-butylamine produced considerable blood pressure change 
(see fig. 2), pronounced euphoria that lasted from 12 to 16 hours, and a tremen- 



Fio. 2. Human Male (81 kgm.). Pulse rate (dots), in beats per minute, above; systolic 
and diastolic blood pressure (pulse pressure as solid lines), in mm. Hg, below. Time in 
frre-nunute intervals. l-Phenyl-2-butylamine hydrochloride, 40.5 mgm., taken orally in 
200 cc. water, at 0 time. 


dous desire to talk and move around. The increase in ability to do work on the 
ergograph lasted as long as 5 hours. The following day the individuals com- 
plained of being very tired and without enthusiasm for effort of any kind. Simi- 
lar blood pressture rises were produced by 0.25 mgm. of phenisopropylamine 
hydrochloride per kgm. and the central effects were similar although not so promi- 
nent or prolonged. The effects the following day were not so severe. Tenta- 
tively, from these few experiments, it may be concluded that l-phenyl-2-butyl- 
amine is about one-half as active a vasopressor agent as phenisopropylamine and 
either more than one-half as active or longer acting as a central nervous system 
stimulant following oral administration in man. 

Discussion. The introduction of an ethjd group in the phenethylamine 
molecule produces a compound which causes a more prolonged vasopressor action 
than that by the compound with a methyl group in the same position. Presum- 
ably this may be due to an even greater difficulty in destruction by body enzymes 
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The duration of action relationships are quite different, with half the pressor 
rise (9) following the administration of 1 mgm. of l-phenyl-2-butylamine lasting 
about twice as long as that after 1 mgm. of phenisopropylamine and seven times 
as long as that from phenethylamine. Doses of 1-phenyl -2-butylamine (1.4 
mgm.) equipressor to 1 mgm. of phenisopropylamine have only a slightly longer 
duration for the half-rise (average 18.1 minutes in 4 dogs). Like other long 
duration vasopressor amines (9), l-phenyl-2-butylamine evidences tachj’phylaxis 
on repeated administration (see figure 1). 

The effects of l-phenyl-2-butylamine in isolated tissue preparations are no 
more definite than those of phenethylamine and phenisopropylamine. As an 
indication of this, the extremes of the results with these agents in the Magnus 
preparation have been given in table 1 . The averages of the results indicate that 
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Fig. 1. Dog (17 kgm. female) . 330 mgm. Na Barbital per kgm. Blood pressure in mm. 
Hp, ordinate; time, in 10 minute intervals, abscissa. Epinephrine given at EPI, doses in 
micrograms base per kgm., eight minute intervals between injections. l.Phenyl-2-butyI- 
amine hydrochloride, 1 mgm./kgm., given at each 1 MGM. Record run continuously 
except for breaks between epinephrine injections and a 30-minute interval (drum stopped 
20 minutes) between third and fourth injections of l-phenyl-2-butyIamine. 

l-pbenyl-2-butylainine is most relaxant, with phenisopropylamine next, and 
phenethylamine predominantly contractile in action. Similarly, all these agents 
produce inhibition of rate, force of contraction, and rate of coronary outflow in 
the perfused heart, with the l-phenyl-2-butylamine being most depressant for the 
cat heart. Hauschild (3) obtained similar results for guinea pig heart. None of 
the 3 agents antagonized the effects of histamine in the perfused guinea pig lung. 

Twenty mgm. of phenisopropylamine hydrochloride per kgm. caused the pento- 
barbitalized mice to awaken in 35.4 ± 6.3 minutes, while 20 mgm. l-phenyl-2- 
butylamine caused them to awaken in 41.3 ± 12.2 minutes; the controls awak- 
ened in 57.4 ± 11.0 minutes. Larger doses of these agents, and the doses of 
phenethylamine prolonged the sleeping time. Whether or not the mice awakened 
in greater or less time than the controls, more mice always died that received the 
analeptics, with the greatest mortality after the phenisopropylamine. 
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Although emetine is widely used in the treatment of amebic dysentery and is 
specific for the treatment of amebic abscess of the liver very little is known about 
its distribution, fate and excretion. The study presented here furnishes some 
basic information concerning the metabolism of the drug in the animal body. 

Emetine frequently causes toxic symptoms especially noted when its action is 
cumulative from high dosage or from prolonged therapeutic use. Its toxic 
effects, especially on the heart (1), have frequently been observed in patients 
receiving therapeutic doses (2, 3, 4). Boyd and Scherf (5) in experiments on 
dogs and cats demonstrated that much more pronounced effects result from the 
second and third injections of an equal amount of the drug, although the normal 
electrocardiogram had been restored. Lake (6) and Rosen el al. (7) have shown 
that divided doses over a period of several days are almost as to.xic as the total 
dose given at one time. 

Procedobes and results. Methods. Two methods for the determination of emetine 
were employed. In the first, the reaction of the drug with methyl orange (8) was utilized. 
The reagents were prepared as previously described (8). Standard curves were obtained 
by adding known amounts of emetine to aqueous suspensions of homogenized rat and dog 
tissues and determining in duplicate the emetine content by a modification of Brodie and 
Udenfriend’s method. By using a 0.1 M phosphate buHer of pH 7.5 to wash the alkaline 
ethylene dichloride extract of tissue, it was possible to decrease blank readings to an optical 
density of 0.02 or less. Inasmuch as this buffer wash does not decrease emetine readings, 
greater specificity in the method was obttuned in addition to the increased accuracy at low 
values. Since emetine was found to be firmly bound to the tissue proteins, a 30 per cent 
trichloroacetic acid solution was used to precipitate the proteins before extracting the eme- 
tine into the ethylene dichloride. 

For tissue determination, weighed samples were added to 15 or 20 cc. of distilled water 
and homogenized in a Waring blendor. Five cc. of 30 per cent trichloroacetic acid were 
added to 5 cc. of the homogenate and the mixture shaken. Five cc. of 5 N NaOH and 10 cc. 
of ethylene dichloride were added and shaken for five minutes. The flask contents were 
transferred to a Pyrex ignition tube, centrifuged for five minutes and the supernatant aque- 
ous layer removed by aspiration. The ethylene dichloride layer was then placed in a flask 
containing 5 cc. of 0.1 M phosphate buffer. The contents were thoroughly mixed by shaking 
for five minutes, transferred to an ignition tube and centrifuged five minutes. The super- 
natant layer was completely removed by aspiration and the ethylene dichloiide decanted 


* A preliminary report was presented at a meeting of the American Society for Pharma- 
cology and Experimental Therapeutics, Federation Proc. 7, 256 (1948). 

* Aided by a grant from the National Cancer Institute, National Institutes of Health. 

’ Part of this data was used in a thesis presented by Mr. Gimble to Columbian College 

George Washington University for the degree of Master of Science. 
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than is the case with phenisopropylamine as compared to phenethylamine. The 
addition of the ethyl group produces a greater interference with the action of the 
compound when given intravenously in dogs than the methyl group; both com- 
pounds are inferior in action to the simple phenethylamine. However, either 
an ethyl or methyl group protects the compound from destruction so that it is 
active orally. The central nervous system, which requires the phenylisopropyl- 
amine grouping as a minimum for an agent to be active as a stimulant, will also 
respond to the l-phenyl-2-but3’lamine. 

The three agents are almost non-specifie in their action on isolated smooth 
muscle and similar preparations and in this respect are like almost all the other 
agents that do not have a hydro.vyl group on the ring or in the side-chain (8-10). 

SUMMARY 

l-Phenyl-2-butylamine hydrochloride is about 1/275 as potent a vasopressor 
agent as epinephrine, and about 35 per cent as active as beta-phenethylamine and 
about 75 per cent as active as phenisopropylamine, or amphetamine, in barbital- 
ized dogs. In 1 mgm./kgm. doses, l-phenyl-2-butj’lamine has a duration of 
pressor effect that is about twice that of amphetamine, and seven times that of 
phenethylamine. 

l-Phenyl-2-butylamine is most relaxant for isolated rabbit jejunum in concen- 
trations of 100 mgm./I., phenisopropylamine next, and phenethylamine least 
relaxant, and often contractile in action. All three agents depress the function 
of the isolated perfused cat heart, and are ineffective against histamine spasm in 
perfused guinea pig lungs. 

Twenty mgm. of phenisopropylamine hydrochloride per kgm. shortens the 
sleeping time of pentobarbitalized mice the most, with l-pheDyl-2-butylamine 
next, and phenethylamine inactive. 

Oral doses as high as 6 mgm. of phenethylamine hydrochloride per kgm. had 
no demonstrable effect in man. As little as 0.25 mgm. of l-phenyl-2-butylamine 
hydrochloride had some central nervous sj^stem stimulant effect, and 0.5 mgm./ 
kgm. produced pronounced central nervous stimulant effects concomitant ivith 
a prolonged rise in blood pressure. One-fourth mgm. phenisopropylamine hydro- 
chloride per kgm. produced a similar rise in blood pressure and central nervous 
system effects, although not so prolonged. 
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the Waring blendor, and portions of the tissue suspension were assayed for emetine by the 
methyl orange tcehnique. Another portion of the tissue suspensions was analyzed by the 
ultraviolet spectrophotometric teehnique. Table 1 shows the comparison. These results 
indicate that the values obtained for emetine concentrations using the modified methyl 
orange technique arc concentration of true emetine. 

Acute toxicity. The acute toxicity of emetine was studied in rats and mice. 
The animals were injected intraperitoneally with varying doses of emetine hydro- 
chloride and were observed over a seven-day period. Using fifty mice the LDeo 
was calculated and found to be 62 ± 2.3 mgm. per kgm. Thirty rats were used 
in this study and the LDso was found to be 17.2 ±1.4 mgm. per kgm. The data 
are presented in table 2. 


TABLE 1 


Comparison of colonmelnc and ■ullramoUt absorption methods 


SFECnCEK 

COLOStSXETRtC 

m-TRAVioLirr ABSoamoM 

PER CEUt DirrERZVCE 


mtn. i 

mgm^ 


(11 

.082 

1 075 

9 

(2) 

.089 

1 .096 

8 

(3) 

.076 

1 080 

5 


TABLE 2 

Toxicity of emetine hydrochloride in rats and mice 


mgm. per kgm 

no. of deaths . . 

no. of mice 

50 

1 

6 

60 

9 

14 

B 

80 

10 

12 

100 

S 

8 

mgm. per kgm. 



1 

1 

20 



25 

no. of deaths 

1 



3 



10 

no. of rats 

10 

i 


10 



10 


Rate of destruction of emetine. Emetine hydrochloride was injected intra- 
peritoneally in single doses of 40 mgm. per kgm. into several groups of 8 mice 
each and the emetine content of entire animals was determined at intervals up 
to thirty-five days. 

Each animal was homogenized in distilled water in the Waring blendor, using 
two parts of water to one part of tissue. A 5 cc. aliquot of the tissue suspension 
•was analyzed for emetine content according to the methyl orange method. A 
series of control animals was treated as above and the blank values obtained were 
subtracted from the values obtained in the emetine injected animals. 

Emetine levels in the animal body decreased slowly (fig. 2) until the eighth day 
when approximately 35 per cent was still in the animal body. Another group of 
animals assayed for emetine content thirty-five days after injection had also 
retained approximately 35 per cent of the drug indicating extensive storage of 
emetine and very slow disposition of the drug after the first week. 
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into shaking flasks containing 0.5 cc. of methyl orange. After shaking for three minutes, 
the e.xcess methyl orange was carefully removed by centrifuging and aspiration. After 
rccentrifuging the ethylene dichlorido, S cc. were pipetted into a colorimeter tube containing 
1 cc. of alcoholic HsS0<. The color developed xvas read in the Coleman Junior spectropho- 
tometer at 540 ma with distilled water being used to set the instrument at zero optical 
density. 

In the second method, standard curves were prepared by adding known amounts of eme- 
tine to aqueous suspensions of homogenized rat and dog tissues and the emetine was deter- 
mined by the ultraviolet absorption spectra in the Beckman spectrophotometer. The 
tissues were prepared in the same way as for the methyl orange method except that the 
ethylene dichloride extract was washed twice with pH 8.0, 0.02 M borate buffer instead of 



Fio. 1. Ultraviolet Light Absorption of Emetine Dissolved in 0.1 ill Sulfubio 

Acid 

with phosphate buffer. After the final centrifugation the supernatant layer was completely 
removed by aspiration and the ethylene dichloride decanted into a shaking flask containing 
4 cc. of 0.1 Af HjSOi. After shaking for five minutes, the aqueous layer was siphoned off and 
transferred to a quartz tube. The absorption bands of the emetine were then read in the 
Beckman spectrophotometer (fig. 1). This was used as the standard reference curve for 
the determination of emetine concentration in tissues. 

Since the methyl orange technique is not specific for emetine, the values obtained in the 
experiments using this method would indicate apparent emetine rather than true emetine. 
To ascertain the specificity of the modified methyl orange method, ultraviolet absorption 
bands were read on extracts of livers from rats injected intraperitoneally with emetine. 
Three rats were injected intraperitoneally with emetine (10 mgm. per kgm.) and the ani- 
mals sacrificed after two hours. The livers were then homogenized with distilled water in 
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Distribution in dog tissue. A dog was injected with emetine hydrochloride, 
1 mgm. per kgm. on six successive days and the tissues analyzed twenty-four 
hours after the last dose. The distribution of emetine in the dog follows closely 
that of the rat. The results in mgm. of emetine per kgm. of fresh tissue were as 
follows: liver, 31; kidney, 17 ; spleen, 15; lung, 11 ; heart, 2; muscle, 2. Here the 
cumulative action of emetine was again indicated. 

Excretion. Studies of the excretion of emetine were carried out in rats, dogs 
and in one human. The rats were injected intraperitoneally with a 2 mgm. per 
kgm. dose of emetine; the urines were collected in periods of one to five days after 

TABLE 3 


Distribution of emetine in rat tissues 


TIME ATTEE 

MCU. PEE ECU. TEESH TISSUE 


blood 

brain 

heart 

kidney 

liver 1 

lung 

muscle 

spleen 

2hrB . 

0.0 

5.6 

2.0 

19.4 

28.5 

14.0 

1.2 

25.0 


0.2 

2.5 

4.8 

5.7 

10.5 

6.2 

1.1 

11.1 


0.0 

2.9 

5.0 

15.8 

26.0 

5.4 

1.5 

5.4 


4.8 

17.3 

3.6 

34.8 

37.0 

30.6 

2.0 

46.5 


— 

3.8 

6.2 

14.5 

55.0 

25.8 

1.1 

21.8 

Mean . . . 

1.2 

6.4 

4.3 

18.0 

31.4 

16.4 

1.4 ' 

22.0 

24 hrs . 

1 0.0 

3.0 

0.0 

17.7 

23.0 

16.6 

1.2 

29.2 


0.7 

5.9 

2.8 

11.2 

20.0 

17.2 

1.7 

26.3 



7.7 

0.0 

8.6 

19.0 

6.2 

1.4 

20.0 


1.8 

6.0 

10.5 

14.3 

28.5 

17.0 

6.1 

24.4 


9.4 

5.1 

7.7 

15.7 

29.8 

12.7 

1.8 

24.5 

Mean . . . 

2.2 

5.5 

4.4 

13.5 

24.1 

13.9 

2.2 

24.9 

48 hrs . 

1.3 

3.5 

6.4 

12.4 

12.8 

12.7 

1.4 

29.3 


0.0 

4.0 

4.2 

10.8 

10.2 

8.1 

1.5 

38.1 


1.2 

18.2 

8.1 

18.5 

23.3 

21.0 

2.2 

— 


1.3 


5.6 

14.1 

15.5 

8.4 

1.3 

10.5 


3.0 


0.0 

7.9 

15.9 

6.2 


11.9 

Mean . . . 

1.4 



12.7 

14.5 

11.2 

mm 

22.4 


injection and analyzed for emetine according to the methyl orange method. 
Since the urine blanks in the methyl orange technique were rather high, this 
method was not considered to be accurate or specific for the determination of 
emetine in urine. Nevertheless the results showed no appreciable amount of 
apparent emetine to be present. When absorption bands were read on extracts 
of these urine samples, no peak was obtained at 282 ma, and the shape of the 
curves did not correspond to the standard emetine absorption curve determined 
earlier wth a known amount of emetine. 

Twenty-four hour urine specimens were collected from three dogs injected 
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In another group the dose of emetine was increased to 80 mgm. per kgm. and 
it was found that the emetine content was approximately the same absolute 
level after eight days as in the group receiving 40 mgm. per kgm. This indicates 
that emetine is appreciably stored in the animal body and suggests that the ani- 
mal will store only a certain amount of the drug, above which amount the emetine 
is either destroyed or excreted. 



Fig. 2. Rate op Disposition op Emetine in Mice after Intbapebitonbal 

Injection 

Distribution in rat tissue. In three series of 5 rats each, emetine hydrochloride 
(10 mgm. per kgm.) was injected intraperitoneally and tissues analyzed by the 
methyl orange method two, twenty-four and forty-eight hours after injection. 
After correcting for the tissue blanks, the concentration of emetine present was 
obtained by reference to the standard curve. The data are presented in table 3. 

The results show that most of the emetine is stored in the tissues. By far the 
highest concentration was in the liver, ivith lower concentrations in kidney, spleen 
and lung, and very little in the brain, heart, muscle and blood. 
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the number of the bottle. As a control a known amount of emetine was added 
to a sample of blank urine and run through the distribution procedure described 
above. The distribution curves obtained did not indicate any appreciable 
amount of emetine in any sample. The results of one distribution are illustrated 
in fig. 3. This was from the urine giving the highest amount of methyl orange 
reactants. 

Through the kindness of Major T. A. Haedicke of Walter Reed Hospital the 
urine samples were obtained from one patient during a course of emetine adminis- 
tration. A total of 60D mgm. of the hydrochloride was given over a period of 10 
days and urine samples were collected for each twenty-four hours. These were 
each made alkaline and extracted with ether. The extract was evaporated at 



Fig. 4. Compakibon of 8 Plate Countek-cuebent disteibutions of the Ueine 
FEOM A Patient Receiving Emetine with that of a Conteol Ueine and 
WITH THE SAME UBINE FEOM THE PATIENT TO WHICH 2 MGM. EmETINE 
Hydeochloeidb had been Added 

low temperature and dissolved in 50 cc. of ethylene dichloride and half of it used 
for an eight plate coimter-current distribut on. In no case was there e\ddence 
of an appreciable amoimt of emetine. The results on the urine for the seventh 
day are shown in fig. 4. Similar results were obtained with the other samples. 
The results indicate that the amount of emetine excreted in any twenty-four 
hour period was either negligible or no more than a few milligrams. 

Discussion. Rosen el al. (2) found that the toxicity of emetine administered 
subcutaneously to guinea pigs is approximately the same whether the alkaloid is 
given in a single large dose or in repeated doses of -sV the acute MLD over a 
period of forty days. Lake (1) obtained similar results in rats. Our results of 
the experiments on the tissue distribution of emetine in mice, rats, and dogs are 
in agreement with the above observations. Thirty-five days after a single injec- 
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with 1 mgm. per kgm. of emetipe daily. Dog No. 1 received a total dose of 90 
mgm. of emetine over a seven-day period. Dog No. 2 received a total dose of 
200 mgm. of emetine over a thirteen-day period. Dog No. 3 received a total 
dose of 84 mgm. of emetine over an eight-day period. Several urine samples 
were examined for emetine by the ultraviolet absorption method, but there was 
no detectable amount of the drug present. 

In addition, attempts to fractionate and characterize the urinaiy products 
were carried out on an extract of the total amount of urine collected from each 
dog by a modification of Craig’s counter-current technique (9). The urine was 



Fig. 3. Comparison of 8 Plate Counter-current Distributions op the Urine 
OF A Dog Receiving Emetine with that op a Solution of Pure Emetine 

acidified with H 2 SO 4 and then extracted with ether to remove interfering sub- 
stances that would cause emulsion formation. The resulting urine was then 
made alkaline with concentrated NaOH and reextracted with ether. This was 
evaporated at a low temperature and dissolved in 50 cc. of ethylene dichloride. 
Half of this was then carried through an eight transfer separation in a system 
consisting of equal parts of ethylene dichloride (25 cc.) and 2 M phosphate buffer 
pH 5.5, allowing the lower solvent phase to migrate. The ethylene dichloride 
and phosphate buffer layers were than analyzed for emetine by the usual methyl 
orange method. The characteristic distribution curves were then obtained by 
plotting the optical density of the methyl orange reactants in each bottle against 
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Drugs possessing a negative inotropic cardiac action have proven to be a useful 
tool for the analysis of the changes associated with impaired myocardial contrac- 
tility and for the study of substances which increase the contractile power of the 
heart (1). In a series of investigations in this laboratory on the mechanism of 
experimental myocardial failure of the maimnalian heart, a number of such drugs, 
chosen from among the local anesthetics and central nervous system depressants, 
were made use of. Some of these drugs had been known from the literature to 
depress the contractility of the mammalian heart. Examples are cocaine (2), 
barbiturates (3), diphenylhydantoin (4), and paraldehyde (5, 6). Others, such 
as the more recently introduced oxazolidinedione derivatives, have never been 
examined before for their efiects on the heart. The present paper is an account 
of the toxic action of these and other local anesthetics and central nervous system 
depressants on the heart of the dog as observed in the heart-lung preparation. 
The experiments were standardized in such a way as to make the results compar- 
able with respect to the negative inotropic effect. 

Methods. Starling heart-lung preparations (HLP’b) of dogs weighing between 8 and 12 
Idlograms were used. The preparations were set up and their activity was measured as 
specified in a previous communication (7). The ability of the heart to handle an increase 
in blood supply was selected as the principal criterion for estimating cardiac competence. 
It was determined according to a method described previously (1) from the response of the 
right atrial pressure to a rise of the blood level in the venous inflow vessel. The results of 
these determinations have been expressed as the “competence index" of the heart (7), 

.. increase in inflow level — increase in right atrial pressure . 

which IS the ratio e C The increase in 

increoje in inflow level 

the inflow level was always 50 mm. 

The compounds studied were: the central nervous system depressants paraldehyde, 
chlorobutanol, pentobarbital sodium, propazone (5,5-di-n-propyloxazolidinedione-2,4) 
sodiumi, trimethadione’ (3,5,5-trimethyloxazolidiDedione-2,4), and diphenylhydantoin 
sodium; and the local anesthetics, cocaine hydrochloride, procaine hydrochloride, and 
tetracaine hydrochloride. Three to six experiments were performed with each drug. The 
drugs were injected in repeated doses into the tube leading to the venous inflow vessel. 
Administration was begun shortly after the heart-lung preparations were set up and was 
continued until a fairly severe he^t failure had developed. This required usually not 
more than one hour. At this time the heart in the unpoisoned heart-lung preparation is 
still performing well. 

The concentrations of drug have been given as fractions of the weights of the heart-lung 

* This work was supported by a grant from the Life Insurance Medical Research Fund. 

’ Made from propazone Idndly supplied by Dr. M. A. Thorpe of Mallinckrodt Chemical 

Works. 

* "Kindly supplied by Dr. R. K. Richards of Abbott Laboratories. 
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tion of emetine approximately one-third of the drug was still present in the 
mouse. In addition high emetine concentrations were obtained in the tissues of 
rats a,nd dogs twenty-four to forty-eight hours after sub-lethal doses of the drug. 
This indicates a very slow disposition of the drug with a resulting high toxicity 
of the drug after repeated small doses. 

An interesting finding in the tissue distribution results was a low concentration 
of emetine in the heart, despite the fact that one of the main toxic effects of 
emetine is on the heart. Dack and Moloshok (10) observed that after a course 
of emetine therapy the electrocardiographic abnormalities, when present, were of 
long duration, suggesting to them prolonged fixation of the drug in the myo- 
cardium. The results obtained, both in rats and dogs, indicate that the heart 
may be hypersensitive to emetine, since the concentrations in heart muscle were 
not significantly higher than those in skeletal muscle and appreciably lower than 
in most other organs. The hearts of two dogs given emetine were congested in 
appearance at autopsy ivith generalized marked dilation of the right auricles and 
ventricles. In contrast, the spleen, which contained a fairly high emetine con- 
centration, appeared quite normal. The lungs, which also contained appreciable 
amounts of emetine, appeared normal except for a slight amount of pulmonaiy 
edema in one of the animals. This condition was probably caused by the failure 
of the right auricle and ventricle. 

It is of interest to note that the liver contains the highest concentration of 
emetine in comparison with the other organs. This high concentration may 
account for the effectiveness of the drug in eradicating amebic abscesses. 

SUMMARY 

1. The LDso of emetine in mice was 62 mgm. per kgm. and in rats, 17 mgm. 
per kgm. 

2. The relative concentrations of emetine in rat and dog tissues were similar 
and were of the following order; liver > kidney > spleen > lung > brain > heart 
> skeletal muscle > blood. 

3. Emetine was stored in the tissues of mice, rats, and dogs and was very 
slowly destroyed Or excreted. 

4. Emetine was not excreted in the urine to any appreciable extent. 

REFERENCES 

1. Rinehart, J. F., and Anderson, H. H.; Arch. Path., 11; 546, 1931. 

2. Young, W. A., and Tddhope, G. R.: Trans. Roy. Soc. Trop. Med. Hyg., 20: 93, 1926. 

3. Hardorove, M., and Smith, E. R.; Am. Heart J., 28: 752, 1944. 

4. Keatekin, G.: Ann. Int. Med., 26: 601, 1946. 

5. Boyd, L. J., and Scherf, D.: This Journal, 71; 362, 1941. 

6. Lake, S. E.: Bull. Hyg. Lab. U. S. Pub. Health Service, No. 113: 41, 1918. 

7. Rosen, E. A., Martin, R. R., and David, N. A.: Proc. Soe. E.xper. Biol, and Med., 

S3: 289, 1935. 

8. Brodie, B. B., and Ddenfriend, S.: J. Biol. Chem., 168: 705, 1945. 

9. Craig, L. C., Golumbic, C., Mighton, H., and Titus, E.: J. Biol. Chem., 161: 321, 

1945. 

10. Dack, S., and Moloshok, R. E. : Arch. Int. Med., 79: 228, 1947. 



EXPERIMENTAL HEART FAILURE CAUSED BY CENTRAL NERVOUS 
SYSTEM DEPRESSANTS AND LOCAL ANESTHETICS' 

ALBERT WOLLENBERGER AND OTTO KRAYER 
Department of Pharmacology, Harvard Medical School, Boston 

Received for publication September 13, 1948 

Drugs possessing a negative inotropic cardiac action have proven to be a useful 
tool for the analysis of the changes associated with impaired myocardial contrac- 
tility and for the study of substances which increase the contractile power of the 
heart (1). In a series of investigations in this laboratory on the mechanism of 
experimental myocardial failure of the mammalian heart, a number of such drugs, 
chosen from among the local anesthetics and central nervous system depressants, 
were made use of. Some of these drugs had been known from the literature to 
depress the contractility of the mammalian heart. Examples are cocaine (2), 
barbiturates (3), diphenylhydantoin (4), and paraldehyde (5, 6). Others, such 
as the more recently introduced oxazolidinedione derivatives, have never been 
examined before for their effects on the heart. The present paper is an accoimt 
of the toxic action of these and other local anesthetics and central nervous system 
depressants on the heart of the dog as observed in the heart-lung preparation. 
The experiments were standardized in such a way as to make the results compar- 
able with respect to the negative inotropic effect. 

. Methods. Starling heart-lung preparations (HLP’s) of dogs weighing between 8 and 12 
o^ams were used. The preparations were set up and their activity was measured as 
specified in a previous conununication (7). The ability of the heart to handle an increase 
in blood supply was selected as the principal criterion for estimating cardiac competence, 
t was determined according to a method described previously (1) from the response of the 
t atrial pressure to a rise of the blood level in the venous inflow vessel. The results of 
ese determinations have been expressed as the ‘'competence index” of the heart (7), 
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studied were: the central nervous system depressants paraldehyde, 
orobutanol, pentobarbital sodium, propazone (5,5-di-n-propyloxazolidinedione-2,4) 
so mm , trimethadione* (3,5,6-trimethyIoxazolidincd!one-2,4), and diphenylhydantoin 
0 mm, and the local anesthetics, cocaine hydrochloride, procaine hydrochloride, and 
racame hydrochloride. Three to six experiments were performed with each drug. The 
Ss 'were injected in repeated doses into the tube leading to the venous inflow vessel, 
ministration was begun shortly after the heart-lung preparations were set up and was 
n until a fairly severe heyt failure had developed. This required usually not 

hour. At this time the heart in the unpoisonod heart-lung preparation is 
still performing well. 
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tion of emetine approximately one-third of the drug was still present in the 
mouse. In addition high emetine concentrations were obtained in the tissues of 
rats and dogs twenty-four to forty-eight hours after sub-lethal doses of the drug. 
This indicates a very slow disposition of the drug with a resulting high toxicity 
of the drug after repeated small doses. 

An interesting finding in the tissue distribution results was a low concentration 
of emetine in the heart, despite the fact that one of the main toxic effects of 
emetine is on the heart. Back and Moloshok (10) observed that after a course 
of emetine therapy the electrocardiographic abnormalities, when present, were of 
long duration, suggesting to them prolonged fixation of the drug in the myo- 
cardium. The results obtained, both in rats and dogs, indicate that the heart 
may be h3T5ersensitive to emetine, since the concentrations in heart muscle were 
not significantly higher than those in skeletal muscle and appreciably lower than 
in most other organs. The hearts of two dogs given emetine were congested in 
appearance at autopsy with generalized marked dilation of the right auricles and 
ventricles. In contrast, the spleen, which contained a fairly high emetine con- 
centration, appeared quite normal. The lungs, which also contained appreciable 
amounts of emetine, appeared normal e.xcept for a slight amount of pulmonary 
edema in one of the animals. This condition was probably caused by the failure 
of the right auricle and ventricle. 

It is of interest to note that the liver contains the highest concentration of 
emetine in comparison with the other organs. This high concentration may 
account for the effectiveness of the drug in eradicating amebic abscesses. 

SUMMARY 

1. The LDso of emetine in mice was 62 mgm. per kgm. and in rats, 17 mgm. 
per kgm. 

2. The relative concentrations of emetine in rat and dog tissues were similar 
and were of the following order: liver > kidney > spleen > lung > brain > heart 
> skeletal muscle > blood. 

3. Emetine was stored in the tissues of mice, rats, and dogs and was very 
slowly destroyed or excreted. 

4. Emetine was not excreted in the urine to any appreciable extent. 
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magnitude may occur spontaneously in the heart-lung preparation within the 
time limits of the present experiments, the observed changes are probably not 
significant. Sharp and undoubtedly specific increases in coronary flow are pro- 

TABLE 1 


Action of various central nervous system depressants and local anesthetics on the heart-lung 

preparation of the dog 
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' 3 Experiments. 

’ Heart rate is increased by smaller doses. 

* Experiments performed in collaboration with Dr. E. Moisset de Espan&. 

* Irregular beat. 

* For explanation see text. 

duced by pentobarbital, diphenylhydantoin, paraldehyde, and chlorobutanol. 
Particularly the last-named drug is a powerful coronary dilator, as was recognized 
a number of years ago (12, 13). In the chlorobutanol failures in table 1 the coro- 
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preparations, i.e. of the combined weights of the heart, lungs, and blood. The weight of 
the heart was determined after each experiment, that of the lungs was taken to be J/75 of 
the body weight (8). The weight of the blood was about SOO grams. For the comparison 
of their potency of action the drugs have been assumed to be evenly distributed in the heart- 
lung system. 

Results. The results are summarized in table 1. The figures given are the 
means of two sets of measurements, one taken before the administration of the 
drugs and the other taken after administration was completed. 

Negative Inotropic Action. The severity of heart failure was fairly uniform 
in all experiments. The competence inde.x decreased from initial values ranging 
between 0.8 and 0.9 to values of 0.1 to 0.3 (table 1). The decrease in cardiac 
competence is also reflected in pronounced decreases in systemic output, systemic 
arterial pressure, and work, and in a sharp increase in right atrial pressure. 
Table 1 shows that cocaine and tetracaine have a strong negative inotropic 
action. The concentration of these compounds required to produce a fall of the 
competence index from 0.90 to 0.20 is found by extrapolation or interpolation of 
the observed values to be 0.14 millimoles per kgm. HLP. Diphenylhydantoin 
and pentobarbital are, respectively, 1/2 and 1/3 as potent as the two local anes- 
thetics. Next in order of potency follow procaine and chlorobutanol, and finally 
propazone, trimethadione, and paraldehyde. These last three compounds have 
a very weak negative inotropic action on the heart. The calcium salt of propa- 
zone was found to have a slight positive inotropic action, due to the preponder- 
ance of the action of calcium over that of propazone. 

Chronotropic Action. All drugs tested, with the exception of trimethadione, 
decrease the rate of the isolated heart (table 1). This action usually parallels 
the decrease in contractility. In the case of cocaine and tetracaine, it may pre- 
cede it. Cocaine, tetracaine, and procaine also cause irregularities of rhythm. 
This effect of local anesthetics is well-known (9, 10). Diphasic chronotropic 
effects of cocaine, which were reported in the earlier literature but denied by 
Kuroda (2), were not observed in the present experiments, although care was 
taken to administer this compound slowly in graded doses. The only drug in 
table 1 found capable of increasing the heart rate is trimethadione. The maximal 
increase is about 14 beats per minute and is obtained at a concentration of about 
10 millimoles per kgm. HLP. In contrast, the other anticonvulsant studied, 
diphenylhydantoin, has a pronounced negative chronotropic effect (cf. also 4). 
The electrocardiogram recorded in diphenylhydantoin failure shows flattening of 
the P wave and prolongation of the P-R interval. Similar observations were 
made by Scherf (11) following intravenous administration of diphenylhydantoin 
to dogs. 

Action on Coronary Blood Flow. The values given in table 1 for the coronary 
blood flow represent 10/6 of the outflow from the coronary sinus. The latter was 
collected with a Morawitz cannula. Table 1 shows that there is a slight decrease 
in coronary blood flow following the administration of cocaine. Coronary blood 
flow is increased by 8 to 36 co. per minute in heart failure induced by propazone, 
tetracaine, trimethadione, and procaine. Since increases in coronary flow of this 
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sants, pentobarbital, chlorobutanol, paraldebj-^de, propazone, dipbenylhydantoin, 
and trimethadione; and the local anesthetics, cocaine, procaine, and tetracaine. 
A comparison has been made of the intensity of the negative inotropic cardiac 
action of these compounds, and other phases of their toxic action on the heart 
have been described. 
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nary output was more than twice as large as the systemic output, averaging 
almost 303 cc. per minute. ^ 

Action on Pulmonary Circulation. The pulmonary arterial pressure is mark- 
edly increased in heart failure caused by the local anesthetics and by chlorobuta- 
nol (table 1). It remains practically unchanged in heart failure induced by 
paraldehyde, pentobarbital, diphenylhydantoin, propazone, and trimethadione. 

Discussion. The drug concentrations in table 1 exceed by far those in the 
therapeutic range. In the case of the local anesthetics they are also considerably 
higher than the minimal lethal concentrations for the dog and other mammals 
after intravenous administration (see 9). This applies even to cocaine, which is 
as toxic to the myocardium as tetracaine, although its lethal to.xicity is only half 
as great. Procaine, which is a much weaker local anesthetic and systemic poison 
than tetracaine and cocaine, has a correspondingly weaker action on the heart. 
The concentrations of the central nervous system depressants used to produce 
heart failure are of the same order of magnitude as the minimal lethal concentra- 
tions for the whole animal variously reported in the literature. Propazone ap- 
pears to be an exception. According to Stoughton and Baxter (14) 250 mgm. 
per kgm. of this drug given intravenously to dogs produces veiy deep anesthesia, 
and doses between 250 and 350 mgm. per kgm. may produce death. These doses 
have no significant negative inotropic action on the heart of the dog in the heart- 
lung preparation and are only small fractions of the dose required to produce a 
fairly severe heart failure. The relatively low toxicity of propazone to the heart 
is also apparent from a comparison of its therapeutic and “heart failure” concen- 
trations with those of the other hypnotics in table 1 — pentobarbital, chlorobutanol, 
and paraldehyde. To judge from the data of Stoughton and Baxter propa- 
zone is, for example, 1/6 as effective, on a molar basis, as pentobarbital in produc- 
ing steep and general anesthesia in dogs. Its negative inotropic action on the dog 
heart, however, is only 1/30 as strong as that of the barbiturate. On the other 
hand, the relative potencies of pentobarbital, chlorobutanol, and paraldehyde 
with respect to their negative inotropic cardiac action and their hypnotic and 
general anesthetic action are roughly the same. 

The increases in pulmonary arterial pressure observed in heart failure induced 
by the local anesthetics and chlorobutanol can reasonably be attributed only to 
increases in the resistance of the pulmonary vessels. These changes place an 
extra burden upon the right ventricle, tax its reserve power, and thus influence 
unfavorably the outcome of the competence tests. The result is that the drugs 
which increase resistance in the pulmonary circuit appear to cause a greater de- 
pression of the myocardium than is actually the case. The absence of a rise in 
pulmonary arterial pressure after the administration of paraldehyde is surprising 
in view of contraiy findings reported by Burstein (5) and by Springer et al. (6). 
This point is under further investigation. 

BUMIUARY 

Heart failure was produced in the heart-lung preparation of the dog by the 
administration of the following compounds: the central nervous system depres- 
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the rate of metabolism had reached a stead 3 ' level. In this waj’ each vessel served as its 
own control. In addition, one or two overall controls, containing no drug, were run in each 
experiment. The rates of metabolism following addition of the drugs were calculated from 
readings taken during periods of 30 to 60 minutes after a steady level of inhibition had been 
reached. This usuall 3 ' required 15 to GO minutes, depending on the drug. 

Results. The bulk of the experiments was carried out tvith hearts of guinea 
pigs. Slices of guinea pig heart muscle respire at a lower rate than slices of dog 
heart muscle. However, the response to treatment with the drugs studied was 
found to be, on the whole, quite similar. 

Inhibilion of Respiration. The influence of the various narcotics and local 
anesthetics on the oxygen uptake of guinea pig heart slices incubated in glucose- 
containing medium is shown in table 1. The order of potency of these sub- 
stances differs markedly from that of their negative inotropic action on the heart 
(cf . 3) in that the narcotics approach or exceed the local anesthetics in their power 
to inhibit the oxygen uptake of the cardiac slices. Pentobarbital is the most 
potent inhibitor among the drugs, being effective at a concentration of 0.5 milli- 

TABLE 1 

Per cent inhibilion of the oxygen upiaJce of guinea pig heart slices by some narcotics 
and local anesthetics 
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18 

49 

72 

92 



Paraldehyde 

! 

i 

— 

— 

— 


— 

— 

— 

— 

14 

25 

33 

56 

85 


molar. Chlorobutanol and tetracaine follow next in order of potency. Propa- 
zone, which was found to have only a weak negative inotropic cardiac action, is 
a much stronger inhibitor of cardiac respiration than cocaine, which is a highly 
toxic compound to the heart in vivo. Procaine and paraldehy'de have to be 
added in molar concentrations 30 to 60 times that of pentobarbital to produce 
the same amount of inhibition. 

The respiratory quotient (R. Q.) of the cardiac slices, which normally aver- 
aged 0.93 during the second hour of incubation, was not changed significantly 
by the narcotics and local anesthetics. 

When the per cent inhibition of respiration by the narcotics and local anesthet- 
ics is plotted graphically as a function of their concentration, the resulting 
curves show that in the low concentration range inhibition increases sharply 
and nearl 3 ’' linearly with small additions of drug, approaching a limiting value at 
higher concentrations. Complete inhibition was sometimes obtained at high 
enough concentrations of drug. 
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Among the various changes which the narcotics produce in living cells, the 
inhibition of respiratory metabolism has received much attention and has at 
times been held to be the cause of narcosis^ (see 1). Particular significance has 
been attached to the inhibition by narcotics of respiratory processes in the brain 
(2), partly for the reason that the brain is an organ which cannot tolerate inter- 
ference with its supply of oxygen without a rapid decline in functional activity. 
By similar reasoning the depressant action of the narcotics on the heart, another 
organ which is highly sensitive to anoxia, at least in the warm-blooded animal, 
might perhaps also be attributed to an inhibition of cellular respiration. In order 
to throw light on this question, a study has been made of the action of a number 
of narcotics, and at the same time bf several local anesthetics, on the respiration 
of mammalian heart muscle in vitro — i.e., of an action uncomplicated by effects 
secondary to changes in mechanical activity — and the results have been com- 
pared with data (3) on the effect of these agents upon the functional state of the 
heart, particularly its contractility. 

Methods. The experiments were performed with slices of left ventricular muscle of 
guinea pigs and of dogs. The guinea pigs were young adult males and non-pregnant females 
weighing 659-800 grams. They were lightly anesthetized with ether, given a blow on the 
neck, and the heart was quickly excised. The dogs were strong healthy animals in the post- 
absorptive state. They were anesthetized with ether and bled from the carotid artery 
previous to the excision of the heart. The ether present in the myocardium of the guinea 
pigs and dogs had ample chance to escape during the subsequent treatment of the tissue.. 

The ventricular muscle slices, about 0.6 mm. thick, were prepared and their o-xygc” 
sumption was measured according to procedures described or referred to previously (4). 
Respiratory carbon dioxide evolution was measured by the “direct” method of Warburg. 
In a series of experiments anaerobic glycolysis was measured. This was done manometn- 
cally by the direct method of Warburg in Krebs-Henseleit bicarbonate solution containing 
0.2 per cent glucose and in an atmosphere of 5 per cent CO:-95 per cent Nj freed of oxygen. 
The rates of oxygen consumption, of respiratory carbon dioxide evolution, and of carbon 
dio.\ide evolution due to anaerobic glycolysis are given as cmm. 0, consumed and cmm. 
COj evolved per mgm. final dry weight of tissue per hour (Qon QcOi.andQo’). The temper- 
ature was 38°C. in all experiments. All runs in a given e.xperiraent were made with slices 
obtained from the same heart and were repeated at least twice with slices from different 
hearts. 

The compounds studied were: the narcotics, pentobarbital sodium, chlorobutanol, 
paraldehyde, and propazone (5,5-di-n-propyl-o.xazolidinedione-2,4) sodium: and the local 
anesthetics, cocaine hydrochloride, procaine hydrochloride, and tetracaine hydrochloride. 
They were added to the main compartment of the Warburg vessels from the sidearm after 

> This work was supported by a grant from the Life Insurance Medical Research Fund. 

> The terms “narcotic” and "narcosis” are used here in the definition of Winterstein 
(1 p. 13), disregarding their legal and popular connotations. 
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was complete. Gibson and Long (7) have shown that in dialyzed heart minces 
pyruvate completely suppresses the endogenous 0 X 3 'gen uptake and that it is 
oxidized all the way to carbon dioxide and water. Z-Malate is shown in table 2 
to increase the respiration of cardiac slices by about 30 per cent, which is in 
accordance with the findings T)f Webb et al. (8). The R. Q., however, is not 
increased when 1-malate is added, although the theoretical value for its complete 
oxidation is 1.33. This could mean that oxidation of the malate to oxaloacetate 
(R. Q. = 0) proceeded at a faster rate than oxidation be 3 'ond the oxaloacetate 
stage. Succinate, in a concentration of 0.1 per cent, causes an immediate 
sharp rise in oxygen consumption and a simultaneous sharp fall in carbon 
dioxide production. The R. Q. during the first half hour was 0.10. These 
data indicate, in agreement with findings of Furchgott and Shorr (9), that 
succinate inhibits the normal respiration of heart muscle. From the fact that 
the increase in oxygen consumption is far greater than the increase caused by 
Z-malate and that the latter compound (which in tissues is in equilibrium with 
fumarate) does not lower carbon dioxide production, it can be inferred that 
mddation of succinate to fumarate (R. Q. = O) was the main oxj'gen-consuming 
reaction during the first half-hour following the addition of succinate. The 
increase in the rate of oxygen consumption caused by 0.1 per cent succinate 
was found to be followed by a gradual decline to a level somewhat higher than 
the initial one. This higher level can be obtained more rapidly with smaller 
concentrations of succinate, after a sharp temporary rise in oxygen consumption 
which can account for the oxidation to fumarate of all the succinate present. 
Table 2 gives the respiratory data for the fifth half hour following exposure to 
0.0093 per cent (8 X 10~* if) succinate in glucose-containing solution. The 
rate of oxygen uptake was elevated about 15 per cent, the R. Q. was raised 
slightly to 1.03. This value of the R. Q. might suggest that the increase in 
respiration was of catalytic nature. However, the total extra oxygen uptake 
up to the time when the Qo, had returned to the control level did not exceed 
the amount required for the complete oxidation of all the succinate added. It is 
more likely that the increase in respiration was due to the further oxidation of 
the succinate originally present beyond fumarate-malate and oxaloacetate. This 
reaction, when superimposed upon the respiration in glucose, would be expected 
to produce a slight elevation of the R. Q. 

The results in table 2 show that neither glucose or acetate nor pyruvate or 
l-malate are capable of reversing the inhibitory action of pentobarbital on the 
respiration of the cardiac slices. The R. Q.'s of the slices incubated with these 
substrates as well as the endogenous R. Q. are not significantly altered by pento- 
barbital. This suggests that the narcotic does not produce a qualitative change 
m respiratory metabolism. 

Succinate, even in the presence of twice the concentration of pentobarbital 
used in the other e.xperiments, is able to bring about a very sharp increase in 
oxj’gen consumption. Table 2 shows that the Qo, rose from 0.6 to 18.0 during 
the first 30 minutes after the addition of succinate to give a concentration of 0.1 
per cent. The control Qo, (without pentobarbital) rose from 4.5 to 19.7. The 
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Comparison of the results in table 1 with data in the literature reveals that 
the respiration of heart muscle is not much less sensitive to narcotics than the 
respiration of brain. For example Jowett (5) found that 0.001 M chlorobutanol 
inhibits the oxygen uptake of guinea pig brain cortex slices incubated in glucose- 
containing solution by 32 per cent. At this concentration the o.vygen uptake 
of guinea pig heart muscle slices is diminished by 25 per cent. 

Effect of Pentobarbital on Respiration in the Presence of Various Substrates . — 
The response of guinea pig heart muscle slices to pentobarbital was studied 
further in the presence of some non-carbohydrate substrates known to be readily 
oxidized by this tissue. These substrates were pyruvic acid, acetic acid, suc- 
cinic acid, and Z-malic acid. The sodium salts were used. The percentage 

TABLE 2 


Effect of pentobarbital on the oxygen uptake and carbon dioxide output of guinea pig 
heart slices supplied with various substrates 
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-4.8 

-4.3 

3.7 

0.86 

-1.7 

-1.6 

1.4 

0.87 

63 

— 

Glucose, 0.2% 

BHi] 

-4.9 

4.5 

0.92 

-1.9 

-1.8 

1.7 

0.95 

63 

— 

Acetate, 0.1% 

-4.6 

-4.1 

— 

— 

-1.6 

-1.6 

— 


61 

— 

Pyruvate, 0.1% 

-4.8 

-8.1' 

10.0' 

1.23' 

-1.7 

-2.0' 

2.4' 

1.20' 

75 

91 

Succinate, 0.1% 

-4.5 

-19.7 

1.9 

DJiia 

-0.6* 

-18.0’ 

0.0’ 

0.00’ 

9 

0 

l-Malate, 0.114% 

5.1 

-6.6 

5.6 

0.83 

-0.6’ 

-0.8’ 


0.76’ 

88 

80 

Succinate, 

0.0093%‘ 

-5.3 

-6.1‘ 

6.3' 


-2.3 

-2.6' 

2.8' 

1.08' 

57 

62 


‘ SO-SO min. after addition. 

’ 3 X 10"’ M pentobarbital. 

’ Qo. = —2.5, Qco. = 1.9. 

‘ Reaction medium contained 0.2% glucose. 

’ 125-155 min. after addition. 

concentrations given are those of the anions. The substrates were added to 
the main compartment of the reaction vessels from the sidearm after the in- 
hibition of respiration by pentobarbital had become stabilized. The results 
of these experiments are presen'ted in table 2. Data obtained in the absence of 
exogenous substrate and with glucose are included for comparison. 

Table 2 shows, first of all, in confirmation of the findings of Bemheim and 
Bernheim (6), that acetate and glucose do not raise the rate of respiration of 
cardiac slices, while pyruvate has a pronounced effect. The R. Q. in the presence 
of pyruvate was 1.23. The theoretical value for the complete oxidation of 
pyruvic acid to carbon dioxide and rvater is 1.20. The observed value may be 
taken to indicate that pyruvate was the sole substrate oxidized and that oxidation 
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Bemheim and Bemheim (6) reported that they found that chloral hydrate 
and tribromoethanol do not inhibit the oxidation of pyruvate and lactate in 
rat heart slices. Quastel and Wheatley (10) and Jowett (5) found that chloral 
hydrate, chlorobutanol, barbiturates and other narcotics do inhibit the oxidation 
of pyruvate and lactate in rat and guinea pig brain tissue. These authors (11) 
showed also that the oxidation of these two metabolites in such tissues as liver, 
kidney, and skeletal muscle is inhibited by narcotics to about the same extent 
as in brain. From the findings of Bemheim and Bemheim it would appear that 
there exists a qualitative difference between the pyravic oxidase sj'^stems of 
heart muscle and of such tissues as brain and skeletal muscle with respect to 
their behavior toward narcotics. The present results do not suggest such a 
difference. 

Effect on Anaerobic Glycolysis. The effect of the narcotics and local anesthe- 
tics on the anaerobic glycolysis of guinea pig heart muscle slices was studied at 
concentrations of these drags at which oxygen consumption in the presence of 

TABLE 3 


Effect of uorious ‘narcotics and local anesthetics on the anaerobic glycolysis of guinea pig 

heart slices 
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40 

Cocaine 

25 

1.5 

1.8 

0 

Procaine 

50 

1.5 

0.7 

S3 

Tetracaine 

3 

1.6 

0.4 
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glucose is inhibited 80 per cent. The results are presented in table 3. It is 
seen that at these concentrations the narcotics, with the exception of paraldehyde, 
have no significant effect. Such concentrations of narcotics are also without 
effect on anaerobic glycolysis in brain (12). Tetracaine depresses anaerobic 
glycolysis to about the same extent as respiration, procaine to a somewhat 
lesser extent. Cocaine produces a slight stimulation of anaerobic glycolysis. 
None of the narcotics and local anesthetics was found to inhibit the anaerobic 
glycolysis of guinea pig and dog heart slices in concentrations producing a 
moderately severe failure of the isolated dog heart. 

Table 3 indicates that the rate of anaerobic acid production in guinea pig 
heart slices is low. It could not be increased by increasing the phosphate 
concentration of the suspension medium. 

Comparison of Respiratory and Inotropic Action. In table 4 a comparison is 
made between the effect of the various narcotics and local anesthetics on the 
respiration of dog heart slices incubated in glucose medium and their effect on 
the contractile power of the dog heart as determined in the preceding communi- 
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difference in the quotients following succinate may be attributed to the circum- 
stance that in the absence of the inhibitor oxidation of endogenous substrate 
still continued or that succinate was oxidized further than in the presence of the 
inhibitor. This is evident from a comparison of the rates of carbon dioxide 
production. In the control experiment the Qco, fell to 1.9 during the first 30 
minutes; in the presence of pentobarbital it became nil. From the Qoj and 
Qcoj values and from the fact that equimolar amounts of 1-malate do not reverse 
the inhibition of o.xygen consumption by pentobarbital and do not lower carbon 
dioxide production, it can be inferred that o.xidation of succinate to fumarate was 
the sole o.xygen-constiming reaction in the presence of the narcotic and that the 
rate of the reaction was as rapid as in its absence. When the measurements 
were continued until the end of the third hour, by which time the Qo, had re- 
turned to its initial value of 0.6, almost all the o.xygen taken up could be ac- 
counted for bj' the o.xidation of all the succinate to fumarate. It is evident 
from the data presented that pentobarbital has no effect whatever on this reac- 
tion. Similar results were obtained with chlorobutanol. Bemheim and Bem- 
heim (6) had found previously that the narcotics chloral hydrate and tribromo- 
ethanol are likewise without effect on the oxidation of succinate in heart muscle 
slices. Thus in heart muscle, like in brain (10, 11), the inhibitory action of 
narcotics on the respiration is not due to a decrease in the activity of succinic 
dehydrogenase or that part of the cytochrome system involved in the oxidation 
of succinate. 

The increase in the respiration of the cardiac slices during the fifth half-hour 
following addition of 0.0093 per cent succinate, which was attributed to the 
oxidation of this substrate beyond malate and oxaloacetate, is inhibited by 
pentobarbital (table 2) and also by chlorobutanol to about the same e.xtent as 
the respiration in glucose and as the increase in respiration caused by I-malate. 
The R. Q. in the presence of pentobarbital was 1.08, which cannot be considered 
to be significantly different from the control value of 1.03. 

It can be seen from table 2 that 1.5 X 10~’ M pentobarbital has a relatively 
stronger effect on the oxygen uptake in the presence of pyruvate than in the 
presence of glucose, acetate, or 1-malate, or than in the absence of added sub- 
strate. This is due to the fact that the increase in respiratory activity normally 
produced by pyruvate is nearly completely prevented by the barbiturate in a 
concentration which causes only a moderately severe inhibition of the endogenous 
respiration and of the respiration in the presence of these substrates. The R. Q. 
rises to about the same value as in the control experiment, namely to 1.20. 
This may signify that pyruvate is oxidized in preference to endogenous substrate 
in the presence as well as in the absence of pentobarbital and that the oxidation 
of whatever small amoimt of pyruvate is used goes to completion. However, 
alternative interpretations of the R. Q. are possible. Chlorobutanol was also 
found to have a relatively stronger inhibitory action on the respiration when 
pyruvate is used as substrate. The high sensitivity of the pyruvic oxidase 
system to narcotics may perhaps be partly responsible for the inhibition by 
these compounds of the oxidation of substrates whose breakdown proceeds 
via pyruvate. 
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is well-known (1) that narcotics may stimulate oxidative processes in low con- 
centrations or as an initial effect. 

In figure 1 the course of development of myocardial failure in a dog heart- 
lung preparation, induced by gradually increasing the concentration of pento- 
barbital, is compared with the corresponding changes in the oxygen consumption 
of dog heart slices. It is seen that the fall in the rate of oxygen consumption 
with increasing concentration of the barbiturate proceeds in a fashion different 
from the decrease in contractility as reflected in the progressive decline of compe- ' 
tence and work performance. The most rapid decline of the Qo, takes place 



Fig. 1. Effect of Pentobarbital on the Oxtgen Uptake of Dog Heart Slices 
AND ON THE COMPETENCE INDEX (C.I.) AND WoBK PERFORMANCE OP THE DOO 

Heart 


in the low concentration range. Thereafter the curve becomes progressively 
flatter. In contrast, competence index and work performance are relatively 
little affected by small amounts of the barbiturate, but decrease very rapidly 
later on. From these cuives one would expect the mechanical eflaciency of the 
heart to be increased by low concentrations of pentobarbital, if the effect of 
this compound on the respiration of the heart in vivo is the same as or similar 
to its effect on the respiration of cardiac slices. An increase in cardiac efficiency 
was indeed obsen^ed bj' Gollwitzer-Meier and ICruger (15) in the heart-lung 
preparation of the dog folloiving administration of small amounts of barbiturates. 
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cation. The per cent inhibitions of oxygen consumption are listed which are 
brought about in the heart slices by concentrations of drug producing a fairly 
severe failure of the isolated dog heart. The table makes it evident that from 
the standpoint of relative potency in vitro and in vivo the drugs studied fall into 
two groups, namely the narcotics on the one hand and the local anesthetics on 
the other hand. Regardless of their position on the scale of toxicity either 
in vitro or in vivo, the narcotics definitely depress the respiration of the cardiac 
slices in the concentrations used to produce heart failure, while at the correspond- 
ing concentrations the local anesthetics have no effect at all. 

An analogous difference between representatives of these two groups of com- 
pounds has been demonstrated by Larabee, Postemak and Bronk (13) in the 
nervous system. These authors found that pentobarbital reduces the resting 

TABLE 4 


Relative effect of narcotica and local anesthetics on the respiration and on the contractility 

of heart mttscle 
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• Heart, lungs, and blood. 

» Following initial stimulation of 33%. 


oxygen consumption of sympathetic ganglia in concentrations which depress, 
but do not completely block synaptic transmission, while cocaine has no effect 
on the resting metabolism even in more than 5 times the concentrations in which 
it blocks transmission. We foimd that cocaine has no effect on the respiration 
of cardiac slices even in more than 10 times the concentration in which it pro- 
duces a moderately severe myocardial failure. It is also of interest that the 
concentrations of pentobarbital reported by Larabee et al. to impair synaptic 
transmission TOthout producing a complete block are of the same order of magni- 
tude as the concentrations which weaken the contractile power of the heart 
without abolishing it entirely. 

Table 4 shows that the inhibitoiy action of propazone on the respiration of 
dog heart slices is considerably stronger than that of the other narcotics and is 
preceded by a marked increase in activity. Fuhrman and Field (14) have 
reported that in low concentrations the diphenyl homologue of propazone, but 
not propazone itself, augments the respiration of rat cerebral cortex slices. It 
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inotropic action. Indeed, such a contention would be difficult to reconcile 
with the recent observation (22) that in hearts failing as a result of the action 
of some of the same narcotic agents used in the present studj' there is no depletion 
of adenosine triphosphate and phosphocreatine, the compounds whose energy- 
rich phosphate bonds are, respectively, the primaiy source and the immediate 
reservoir of chemical energy for contraction. Since in these experiments the 
hearts had been exposed to the narcotics for a period of at least half an hour 
before a sample was taken for analysis, there can be little doubt that the energy 
required for the formation of the energy-rich phosphate bonds was furnished 
p rima rily by oxidation and not by glycolysis. Hence the impairment of cardiac 
fimction could hardly have been the result of an inhibition of oxidative enzymes. 
The finding that there was an adequate supply of energy-rich phosphates in 
the presence of concentrations of narcotics which inhibit respiration can be 
explained on the ground that the energy demand of the narcotized heart is so 
low that it can be met even though respiration maj' be markedlj* reduced. 

In his classic monograph “Die Narkose” Winterstein (1) strongly expressed 
the view that inhibition of respiration is not a specific effect of narcotics and 
even less a cause of narcosis. He regards it merely as a phenomenon incidental 
to the general physicochemical changes which the narcotics produce in living 
systems. Later, Quastel (2, 12) showed that inhibition of respiration by the 
narcotics is a specific effect and suggested that it is the basis of their general 
anesthetic action. In the present experiments it was seen that inhibition by 
narcotics of respiration in the myocardium is a specific effect in the sense in- 
dicated by Quastel. However, the inability of these compounds to decrease 
the energy-rich phosphate store of the heart makes it difficult to regard this 
inhibition of respiration as a phenomenon of importance so far as the impair- 
ment of myocardial contractility is concerned. The conclusion arrived at 
recently by this author (22) and reached years earlier by Clark et al. (21), though 
on the basis of results differing from those reported here, still stands: The 
depressant action of the narcotics on the heart is caused by impairment of a 
phase of myocardial activity other than oxidative metabolism. 

summ-art 

1. In concentrations producing a moderately severe failure of the isolated 
dog heart the narcotics pentobarbital, chlorobutanol, paraldehyde, and propazone 
markedly reduce the respiration of dog and guinea pig heart muscle slices, while 
the local anesthetics cocaine, procaine, and tetracaine have no effect even in 
several times the corresponding concentrations. 

2. The increase in the respiration of guinea pig heart slices caused by pyruvate 
is nearly completely prevented by pentobarbital and chlorobutanol in concen- 
trations which produce only a moderately strong inhibition of respiration in 
the presence of glucose or acetate or in the absence of added substrate. The 
R. Q. of guinea pig heart slices incubated in pyruvate is 1.2 and is not changed 
by pentobarbital. The endogenous R. Q. and the R. Q. in the presence of 
glucose remain likeunse unchanged. 
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The particular experiment represented in figure 1 was terminated at a final 
pentobarbital concentration of 1.2 millimolar. At this concentration the Qoi 
is lowered to about 4, i.e. the respiration of the cardiac slices is inhibited by 
about 60 per cent. Nevertheless, the heart was still contracting, though ex- 
tremely feebly, at a rate of 112 beats per minute. 

Discussion. For the interpretation of the results it would be of value to 
know whether the respiration of quiescent cardiac slices is comparable to the 
resting respiration of the intact heart. According to the estimations of Cohn 
and Steele (16) the resting oxygen consumption of the dog’s heart in the undete- 
riorated heart-lung preparation is 1.60 cc. per gram heart per hour. In the 
present experiments the oxygen consumption of dog heart muscle slices during 
the first 15 minutes of incubation (i.e. at the start of an about 20 per cent decline 
to a steady level (see 4)) averaged 1.66 cc. per gram initial wet weight of tissue 
per hour. This value happens to be very close to that given by Cohn and Steele. 
It may also be noted that the respiratory quotient of the dog heart slices, aver- 
aging 0.95 after 2 to 3 hours of incubation in glucose-containing solution, lies 
just between and close to the values reported by Bayliss, Muller, and Starling 
(17) and by Cruikshank and Startup (18) for the heart-lung preparation of the 
dog supplied with glucose. 

If the respiration of cardiac slices represents the resting respiration of the 
intact heart, the results of the present study would be contrary to those of Clark 
and White (19). These authors found that frog hearts arrested by narcotics 
continue to respire, even on further addition of drug, at a rate equalling that 
of the resting unpoisoned organ. They concluded that the resting respiration 
of the heart, in contrast to the contraction respiration, is resistant to the action 
of the narcotics, a conclusion in line with a theory of narcosis advanced later 
by Fisher (20). Clark el al. (21) later proposed a different explanation of Clark 
and White’s results by the h 3 qjothesis that inhibition of respiration in the 
myocardium by the narcotics is secondary to inhibition of the contractile proc- 
ess. Gollwitzer-Meier and Kruger (15), on the other hand, working rvith the 
heart-lung preparation of the dog, found that doses of barbiturates too small 
to have a noticeable effect on the circulation may lower the oxygen consumption 
of the heart. This was taken by them as evidence of a primary inhibition by 
the barbiturates of oxidative processes in the myocardium, a conclusion cor- 
roborated and extended by the present findings. The discrepancies between 
the findings and conclusions of Clark and collaborators on the one hand and 
those of Gollwitzer-Meier and Kruger and of the present author on the other 
hand are probably due to the fact that the former group worked with the frog 
heart at about 15°C., while the latter employed the mammalian heart at about 
38°C. It may be pointed out in this connection that a decrease in temperature 
lessens the inhibitory action of narcotics on tissue respiration (5, 14), but may 
fail to dimmish the intensity of narcotic action (1). 

From the finding that narcotics are able to reduce the respiratory activity of 
the myocardium independently of a reduction in mechanical activity it does not 
necessarily follow that the depression of respiration is the cause of their negative 
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Wright and Peters (1), in 1943, observed that after the intravenous administra- 
tion of oxophenarsine to rats, the tr 3 rpanocidal titer of the blood was at its 
maximal level immediately after injection, remained so for approximately one 
hour and then gradually declined so that at eight hours, less than 10 per cent of 
the blood arsenic was trypanocidally active and after twenty-four hours the 
amount was only 0.5 per cent. Since the tri-panocidal titer of rat’s blood de- 
creased markedly between the eighth and twenty-fourth hour in spite of an 
increase in total blood arsenic, and since Wright (2) had found that this secondary 
rise in blood arsenic could be attributed to a return of arsenic from the tissues, 
Wright and Peters concluded that the extra-vascular tissues probably played a 
major role in the inactivation of oxophenarsine in the body of the rat. Peters 
(3), in 1942, observed that o.xophenarsine underwent a similar but smaller de- 
crease in trypanocidal activity when incubated vdth rat’s blood in vitro over 
periods up to eighteen hours, but was inactivated to only a slight degree when 
incubated with plasma for the same period of time. These findings led Peters to 
obsen'e that as much as 80 per cent of the oxophenarsine added to rat’s blood was 
in the erythrocyte fraction, as determined by chemical analysis. 

Hogan and Eagle (4), in 1944, noted the relatively close correlation beriveen 
the therapeutic index of some of the phenyl arsenoxides and the extent to which 
these compounds bound themselves to the red blood cells in vitro. So convinced 
Were these investigators of the great similarity between the binding by blood cells 
and by the tissues in general of those arsenical compounds which do not change 
to more toxic compounds in the body that they state “the binding of the phenyl 
arsenoxides by red blood cells in vitro has proved to be a model for their combina- 
tion with tissues in vivo and has so closely' paralleled their systemic toxicity' as to 
provide a reliable measure of that factor.” 

Numerous reports have been published pertaining to the arsenic content of the 
blood after the administration of various arsenic compounds to experimental 
animals or man, but the majority of these investigators either did not determine 

' A summary of the findings herein reported was puhlishod in the Federation Proceed- 
ings, 4: 143, 1945. 

’ Presented as part of a thesis in partial fulfillment of the requirements for the degree 
of Doctor of Piiilosophy at the University of Minnesota. 

'Present address: Department of Pharmacology, Marquette University School of 
Medicine, Milwaukee 3, Wisconsin. 
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3. From the respiratoiy data it appears that oxidation of succinate to fuma- 
rate in guinea pig heart slices is not inhibited by pentobarbital and chlorobutanol 
and proceeds at a rapid rate. However, the increase in respiration ascribed 
to the further oxidation of succinate is strongly inhibited. In the presence of 
suflBciently large concentrations of succinate and narcotic, carbon dioxide pro- 
duction ceases and almost the ■whole oxj'gen uptake can be accounted for by the 
oxidation of all the succinate to fumarate. 

4. None of the above named narcotics and local anesthetics inhibits the 
anaerobic glycolysis of dog and guinea pig heart slices in concentrations producing 
a moderately severe failure of the isolated dog heart. 

5. The inhibitory action of the narcotics on the respiration of the myocardium 
is not considered to be the cause of their depressant action on the functional 
activity of the heart. 
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consisted of 0.7 per cent NaCl, 02 per cent dextrose, 0.024 per cent KCI and 0.02 per cent 
anhydrous CaCU dissolved in freshly glass-distilled water. 

The blood was obtained from New Zealand rabbits, of either sex, which were maintained 
on a diet of Purina Rabbit Chow up to the time of their use. Blood from this species was 
used because of its ready availability and because, unlike rat’s blood (6), its normal arsenic 
content is very low, an essential feature when experimenting with relatively small amounts 
of oxophenarsioe. The blood was removed directly from the heart of unanesthetised rab- 
bits and 3 mgm. of a crude heparin preparation containing 7.5 cat units per mgm. (Hynson, 
Westcott and Dunning, Inc.) was added to each cc. of blood. 

The procedures used for the preparation of the arsenic-containing samples and the 
determination of their arsenic content were based upon the official A.O.A.C. Gutzeit 
method of analysis for arsenic (S). In order to obtain approximately the same acid concen- 
tration (15 per cent) in all the samples in the hydrogen generator, the quantity of HiSOj 
solution (1 cc. containing 1 gram of H-SOri added varied according to the size of the aliquot 
of the arsenic solution used for the determination. All reagents were as arsenic-free as 
possible, especially the nitric acid, much of which was redistilled before use. 

The amounts of arsenic in the various samples were determined by reference to a graph 
of standard arsenic stains. This graph was constructed from the mean \'alues of at least 
ten detenninations of the length of stain produced by aliquots containing 0.5 to 10.0 
microgm. of arsenic trioxide prepared from a standard arsenic solution containing 1 
microgm. of arsenic trioxide per cubic centimeter. A new graph was constructed whenever 
a different lot of zinc stick was used or a new mercuric bromide solution was prepared. 
The oxophenarsine content of the sample was calculated from the mean values of 2 to 4 
arsenic detenninations. 

In the adsorption experiments, one part of the appropriately diluted oxophenarsine 
solution was added to 14 parts of heparinized blood contained in specially -made flat bottom 
glass tubes. These tubes were then sealed tightly and their contents were mixed thor- 
oughly. They were then fastened to the rotating frame of a specially constructed apparatus 
that permitted the tubes to make one end-for-end revolution every eight minutes. This 
rate was sufficient to prevent settling of the cells and did not cause hemolysis. The frame 
was then immersed in a water bath, the temperature of which was 37.5 ± 0.5°C., and tubes 
were removed at the end of one-half, four and eight hours. After removal from this appara- 
tus the tubes were centrifuged at 3000 r.p.m. for 30 minutes, the degree of hemolysis was 
estimated, the cell volume was determined, and a sufficient quantity of plasma was removed 
from each tube for the arsenic analysis. 

Experuiental. The in vitro distribution of oxophenarsine between plasma 
and cells of normal heparinized rabbit’s blood at various time intervals and oxophen- 
arsine concentrations. The final oxophenarsine concentrations in the blood 
samples were one part in 1, 2, 5, 10, 20, 50, lOD, 200 and 500 thousand, respec- 
tively. The concentrations beyond 1:50,000 were considered to be within the 
therapeutic range because it was estimated that the oxophenarsine concentra- 
tion in the blood of a 70 kgm. patient immediately after the intravenous ad- 
ministration of 60 mgm. of the compound would be approximately 1:83,000. 
The oxophenarsine solutions were added to the correct volumes of heparinized 
rabbit’s blood and one-half, four or eight hours later, the plasma from each 
sample was removed and analyzed for its arsenic content. It is assumed that 
the arsenic remaining in the plasma after the correction for its normal arsenic 
content is the arsenic of the oxophenarsine molecule and is referred to as such 
in this paper. Table 1 shows the mean values of the results obtained from at 
least five e-xperiments conducted at each oxophenarsine concentration and time 
interval (one exception). 
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the arsenic distribution between the cells and plasma or serum (5, 6), or the 
methods of arsenic determination used were not sufficiently sensitive to detect 
its presence accurately. 

Peters (3) determined the distribution of o.vophenarsine between the cells and 
plasma of rat’s blood for several different concentrations and found that at the 
blood oxophenarsine concentration of 1 :50,000 sixty per cent of the arsenic was 
with the red cells immediately after the addition of the compound to the blood; 
after four hours the figure had increased to 69 per cent and after eight to twelve 
hours to 81 per cent. 

Hogan and Eagle (4) concluded, after determining the extent to which the 
arsenic was bound by the red cells of oxalated rabbit’s blood in vilro after three 
hours incubation, that as the oxophenarsine concentration of the blood was in- 
creased, the absolute amount of arsenic bound also increased continuously up to 
the highest concentrations used, which produced moderate hemolysis of the red 
cells. The percentage of the total arsenic bound by the red blood cells, how- 
ever, decreased progressively with increase in the oxophenarsine concentration 
of the blood, as indicated by the fact that at the lowest oxophenarsine concentra- 
tion used (1:77,440), ninety per cent of the blood arsenic was bound by the red 
blood cells while at the highest oxophenarsine concentration (1:300), only 58 
per cent of the arsenic was bound by the cells. 

Since it appeared from the work of Peters (3) that the binding of an organic 
arsenic compound by the red blood cells interfered with the ability of the com- 
pound to exert its full tiypanocidal effect in the blood stream and since relatively 
little research, other than that of Hogan and Eagle (4), had been conducted to 
determine the extent of this binding, an investigation of the nature and extent 
of the binding of oxophenarsine by the red blood cells appeared to be of pharma- 
cological importance. The determination of the in vitro binding of oxophenar- 
sine by the red cells was chosen rather than the in vivo binding since Wright (2) 
had observed that there was a continuous exchange of arsenic between the blood 
and the extra-vascular tissues in vivo. 

In the studies presented in this paper the extent of the adsorption of oxophenar- 
sine on the red blood cells of the rabbit was determined, followed by an investi- 
gation of its degree of reversibility. 

Methods and matebiads: A mixture of two lots of oxophenarsine hydrochloride* was 
used in all experiments. Peters (3), using Rodman and Wright's (7) modification of the 
Treadwell-Hall gravimetric method for the determination of arsenic, found this mixture to 
contain 28.61 per cent arsenic, a purity of 98.67 per cent. No correction was made for this 
difference in the arsenic content because in each e.xperiment the calculation of the results 
from each arsenic analysis was based upon the recovery of oxophenarsine added to a control 
tube. The sodium salt of oxophenarsine used in all the experiments was prepared im- 
mediately before use by adding the required amount of sodium carbonate solution to the 
hydrochloride before its dilution with the modified dextrose Ringer’s solution. 

The modified dextrose Ringer’s solution was freshly prepared for each experiment and 


* The oxophenarsine (Mapharsen) was supplied through the courtesy of Parke, Davis 
and Company. 
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oxophenarsine concentration of 1:20,000, 53 to 64 per cent at 1:50,000, 3/ to 
43 per cent at 1 : 100,000 and 28 to 44 per cent at 1 : 500,000. 
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8 Blood at > abious Oxopfir>*AESixE Concentbatioxs axd Tiue Intervals 

The nature of the attachment of the oxophenarsine to the red blood cell was 
tested by the application of the Freundlich adsorption isotherm equation (9) to 
the experimental results; plotting the logarithm of the amount of substance 
adsorbed by a given weight of adsorbent against the logarithm of the concentra- 
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It was found that the maximal percentages of oxophenarsine with the cells 
were attained at the concentrations of 1:20D0 and 1:50DO; being 80 to 83 per 
cent and 83 to 85 per cent, respectively. At the concentration of 1 : 1003 the 
per cent compound with the cells had decreased to 72 to 76 and although this 
was probably indicative of beginning saturation of the cell surface, this lower 
percentage may perhaps be attributed, in part, to the slight hemolysis of the 
cells, particularly at the four- and eight-hour intervals. The extent of this 

TABLE 1 


Summary of the mean values of the distribution in vitro of oxophenarsine at S7.S°C. between 
the plasma and cells of normal heparinized rabbit’s blood at various lime intervals 
and oxophenarsine concentrations 


CONCENTJlAnoV OF 
OXOPHKNAtSlNE 
IK niE BLOOD 

NO. OF 1 
EXPEW- 1 

DUKATIOK 
OF EXPEK. 

TOTAL 
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j %oxo- 
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CeUs 
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3 

t 

752.4 

f 

2247.6 

y 

396.0 

y 

2049.8 

74.9 

1:1000 

5 


3 

725.7 

2274.3 

399.8 

1921.5 

75.8 


5 


3 

853.1 

2146.9 

492.1 

1695.8 

71.6 


® i 

1 

3 

275.8 

1224.2 

145.4 

1117.4 

81.6 

1:2000 

5 ' 

4 

3 

255.9 

1244.1 
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1051.4 

82.9 


5 

8 

3 

296.6 

1203.4 

171.1 

951.8 

80.2 


5 

i 

3 
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499.4 

52.9 

455.5 

83.2 
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5 

4 

3 

92.4 

507.6 

60.9 
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84.6 

1 

s 

8 

3 
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69.9 
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82.7 

1 

10 

i 

3 

61.9 ; 

238.1 

32.3 

219.2 

79.4 

1:10,000 
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4 1 

3 

58.2 
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32.1 I 
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80.6 

1 
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8 1 

3 

75.9 
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44.1 

177.7 

74.7 



1 

3 

42.0 
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72.0 
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4 

4 

3 
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1 
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8 

3 
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26.7 
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69.6 


10 

i 

3 
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35.5 

12.8 

32.7 

59.2 
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5 

4 

3 
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5 

8 
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J 

3 
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43.2 
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10 

4 

3 
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10 

8 

3 
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6 

i 

12 
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5 

4 

12 
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4.4 

31.2 


5 

8 

12 
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12.5 
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2.9 

20.9 


5 

i 

30 
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2.5 

44.5 
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5 

4 

30 

40.2 
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2.1 

1.9 
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5 

8 

30 

43.0 

17.0 

2.2 
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hemolysis was not sufficient to produce a noticeable effect in the hematocrit 
reading. Slight hemolysis also occurred at the oxophenarsine concentrations 
of 1:2000 and 1 : 5000 during the eight-hour interval, less at the four-hour inter- 
val and none at the half-hour interval. The per cent of oxophenarsine ivith 
the cells at the lower concentrations decreased progressively with the decrease 
in the blood oxophenarsine concentration; it was 70 to 75 per cent at the 
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from curve 1, fig. 2 and table 2. The percentage of the theoretical amount 
actually released for each concentration and resuspension was then calculated. 

It was thus found that the percentage of the theoretical amount of compound 
actually released for each of the three suspensions was: at the 1:10,000 oxo- 
phenarsine concentration 57 per cent for the first suspension, 67 per cent for the 
second and 71 per cent for the third suspension. At the 1:20,000 concentration 
the percentages of the theoretical amounts actually released were 67, 70 and 76 
and at the 1:50,000 concentration 73, 84 and 90. 

TABLE 2 


Summary of the mean values of the results of the five experiments on the distribution in vitro 
of oxophenarsine between the plasma and cells of heparinized rabbit’s blood after repeated 
resuspensions of the treated cells at one-half hour intervals in fresh plasma* 
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50.4 
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239.1 

37.9 

201.2 

9.8 

94.2 

12.6 
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173.3 
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5.7 
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31.3 
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3.1 
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1 

47.0 


* The total blood volume being 6.0 cc., the temperature 37.5°C. 


From this it was concluded that: (a) since the adsorption reaction was from 
60 to 90 per cent reversible, adsorption undoubtedly plaj^s the major preliminary 
role in the binding of oxophenarsine by the erythrocytes; (b) adsorption plays a 
decreasingly prominent role wth increasing oxophenarsine concentration, that 
IS, with increasing saturation of the cell surface; and (c) that factors other than 
simple adsorption probably enter into the binding of oxophenarsine by the red 
cells. 

Discussion. In the investigation of the distribution of oxophenarsine in 
vilro between the plasma and cells of heparinized rabbit’s blood within the oxo- 
phenarsine concentration range of from 1:100D to 1:50D,030 and at the time 
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1:503D, the figures being 80 to 83 per cent and 83 to 85 per cent, respectively. 
At the oxophenarsine concentration of 1 : 1030 the per cent compound with the 
cells was from 72 to 76; this decreased binding may have indicated beginning 
saturation of the cell surface although there was also slight hemolysis of the 
cells at this concentration. The amount of compound bound by the red blood 
cells at oxophenarsine concentrations of less than 1:5000 decreased progressiv'ely 
with decreasing oxophenarsine concentration in the blood sample so that at the 
concentration of 1:500,000 only 28 to 44 per cent of the compound was with the 
red blood cells. These results are in agreement with those obtained by Thuret 
(10) using defibrinated horse blocd and oxophenarsine concentrations greater 
than 1:20,000, but the results obtained by Began and Eagle (4) with oxalated, 
rabbit’s blocd were from one-tenth to cne-third higher than those reported here 
at corresponding blocd oxophenarsine concentrations; this difference may pos- 
sibly be attributed to the use of oxalate instead of heparin as the anticoagulant. 

It was also observ’ed that within the oxophenarsine concentration range of 
from 1:5000 to 1:100,000, the adsorption cun'es at the three time intervals 
(1/2, 4 and 8 hours) were approximately straight lines when plotted according 
to the Freundlich adsorption isotherm equation. Adsorption, no doubt, also 
played a major role beyond these concentrations despite the fact that the curves 
deviated from their straight course. Further, it was concluded that the extent 
of the adsorption was almost as complete in one-half hour as in four or eight 
hours. This rapid rate of adsorption of oxophenarsine by the red blood cell is 
in agreement with the results obtained by Thuret, but Hogan and Eagle found 
the binding to be complete only after two hours; this difference in the results 
may perhaps be attributed to the fact that these latter workers did not continu- 
ously nux the blood samples during the adsorption period. 

The adsorption of oxophenarsine on the rabbit’s red blood cells was not com- 
pletely reversible w^hen the oxophenarsine-containing cells were resuspended 
three times in fresh plasma although the per cent oxophenarsine not liberated 
hy the cells decreased progressively after each resuspension. The degree of 
reversibility of the reaction was in most cases greater than 60 per cent for the 
first resuspension and in the case of the lowest oxophenarsine concentration used 
approached as high as 90 per cent. Thuret observed the adsorption of oxophen- 
arsme on the red blood cell of defibrinated horse blood to be completely reversible. 

CONCLUSIONS 

An investigation of the nature and extent of the binding of oxophenarsine by 
the red blood cell of rabbit in vitro showed that: 

1. Through the oxophenarsine concentration range of from 1:1000 to 1:500, 
from 28 to 85 per cent of the oxophenarsine added to heparinized rabbit’s 
blood was bound by the red blood cells in one-half, four or eight hours. The 
extent of the binding was almost as complete in one-half hour as after four or 
eight hours. The oxophenarsine bound by the cells increased with increasing 
oxophenarsine concentration to a maximum of 85 per cent at the concentration 
of 1:5030. 
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Hour Intervals in Fresh Plasma 

intervals of 1/2, 4 and 8 hours, it was found that the maximal percentages of 
oxophenarsine with the cells were attained at the concentrations of 1:2030 and 
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It was shown in a previous publication (1) that from 28 to 85 per cent of the 
oxophenarsine added to rabbit’s blood in vitro is bound to the red cells. This 
binding of the oxophenarsine is chiefly in the nature of an adsorption on the 
cell surface and follows the requirements of the Freundlich isotherm equation 
over a wide range of concentrations. 

The reaction is not, however, completely reversible as determined by the 
amount of oxophenarsine removed from the cells when repeatedly resuspended 
in fresh plasma; this suggests that reactions secondary to the adsorption also 
play a role in the binding of the oxophenarsine. 

A number of factors may have been involved in the incompleteness of the 
reversibility of this adsorption reaction. First, the oxophenarsine may have 
combined firmly with some component on the cell surface. This was a pos- 
sibility because Newton, Benedict and Dakin (2) in 1927, isolated the sulfhydiyl 
compound, thiasine, from the red blood cell membrane and Rosenthal (3), in 
1932, observed that oxophenarsine would combine with the free sulfhydryl 
groups of proteins. Second, the oxophenarsine may be first adsorbed on the 
cell Surface followed by its diffusion into the cell yet fail to combine with some 
component inside the cell. If this were true, however, a re-establishment of the 
equilibrium during each resuspension of the cells in fresh plasma would only 
be delayed depending upon the rate at which the oxophenarsine passed through 
the Cell membrane. It was assiuned, however, that the one-half hour period of 
resuspension was sufficiently long to permit the re-establishment of equilibrium 
because of the rapid rate of adsorption of oxophenarsine on the red blood cell. 
A third factor that may have been involved was that a fraction of the oxophenar- 
Bme may have passed into the interior of the red blood cell after its preliminary 
adsorption and there have combined firmly with some cell eomponent, which 
would result in the failure to re-establish equilibrium between the plasma-cell 
phase during the resuspension period. This appeared quite possible since 
Hunter, Kip and Irvine (4) had discovered that 95 per cent of the radio-active 
potassium arsenite present in the rat’s blood after its administration was with 

' A summary of the findings herein reported was published in the Federation Proceedings’ 
4: 143, 1945. 

’ Presented as part of a thesis in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy at the University of Minnesota. 

’Present address: Department of Pharmacology, Marquette University School of 
Medicine, Milwaukee 3, Wisconsin. 
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2. Adsorption played the major role in the binding of oxophenarsine within 
the concentration range of 1:5000 to 1:100,000 as evidenced by substantial 
adherence to the Freundlich adsorption isotherm equation. Even at the highest 
oxophenarsine concentration used, the surface of the red blood cells showed 
little evidence of being saturated. 

3. The degree of reversibility of this adsorption process, as determined by 
three resuspensions of the oxophenarsine-treated cells in fresh plasma, was in all 
oases greater than 60 per cent after a single resuspension and in some cases ap- 
proached as high as 90 per cent after three resuspensions. 
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part of the oxophenarsine Eolotion. All of the samples vrere fastened to the frame of the 
rotating apparatus and immersed in the water bath (37.5 db 0.5°C.) for thirty minutes (see 
previous article). Five cc. of each sample were then transferred to a collodion membrane 
which, in turn, was suspended in a large tube that contained 45 cc. of modified dextrose 
Ringer’s solution; this quantity of solution was sufficient so that the fluid levels on each 
side of the membrane were equal. Small glass stirrers mixed the contents on each side of 
the collodion membrane; the pulleys, which were connected to the stirrers inside the col- 
lodion membranes, were of a larger diameter in order to decrease the rate of stirring of the 
contents, partly because of the smaller volume, as compared to that of the large tube and 
also to reduce hemolysis to a minimum. The apparatus was placed in an incubator, the 
temperature of which was approximately 37®C. The solution in the large chamber was 
replaced with fresh modified dextrose lunger’s solution every three hours for the first 
twelve hours; the outside of the collodion membrane was washed thoroughly with the Ring- 
er’s solution each time. At the end of either twelve or twenty-four hours, the material 
inside the coUoffion membrane, the membrane itself and the solution in the chamber were 
analyzed separately for their arsenic content; the solutions from the third and sixth hour 
periods were pooled and analyzed for their arsenic content, likewise those from the ninth 
and twelfth hour periods. A control sample of defibrinated rabbit’s blood was also pre- 
pared with the modified dextrose Ringer’s solution and was not only used for the deter- 
mination of the normal arsenic content, but an aliquot was placed in a collodion membrane 
and at the end of the experiment, the solution in the chamber was tested for the presence of 
protein. 

In the ffifiurion experiments with the laked defibrinated blood tbe various samples of 
defibrinated rabbit’s blood were prepared in the same manner as described previously, 
with the exception of the addition of saponin. After laking the cells, the oxophenarsine 
was added and the remainder of the experiment was similar to the ones mentioned pre- 
viously; saponin was likewise added to the serum as a control. 

In the diffusion experiments with the hemoglobin solution, 6.5 parts of modified dextrose 
Ringer’s solution was added to 7.5 parts of the specially prepared hemoglobin solution 
followed by 1 part of the oxophenarsine stock solution. In the experiments with the stroma 
which were prepared from 5.6 cc. of defibrinated rabbit’s blood they were suspended in 14 
parts of modified dextrose Ringer’s solution, 1 part of the oxophenarsine solution was added 
and 5 cc. of tins material was dialyzed. 

The procedures used for the preparation of the arsenic-containing samples and the 
determination of their arsenic content were the same as in the first paper (1). It is as- 
sumed, as was previously, that the arsenic remaining in the various samples after the correc- 
tion for the normal arsenic content is the arsenic of the oxophenarsine molecule, and it is 
referred to as such in this paper. 

Experimental. Previous experiments having demonstrated that the ad- 
sorption of oxophenarsine on erythrocytes was not completely reversible, it 
appeared possible that in addition to tbe intact cell membrane (adsorption), 
certain cell constituents might play a role in fixing the oxophenarsine. 

For this reason the ability of oxophenarsine to dialyze from a blood suspen- 
sion was determined both in the presence of the intact cell membrane (normal 
eiythrocytes) and after complete removal of the cell membrane (laked blood). 

Experiments were first conducted to determine the extent to which oxophen- 
arsine, when dissolved in modified dextrose Ringer’s solution, would dialyze 
through the collodion membrane. Rosenthal (3) had shown that oxophenarsine 
behaved as a crystalloid and passed quantitatively through a collodion membrane 
under ultrafiltration. In our experiments, oxophenarsine was dialyzed using a 
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the red blood cells; 62 per cent of it was found in the globin fraction of hemo- 
globin and the remainder with the heme fraction. 

The role played by these various factors other than adsoiption on the cell 
surface was investigated, therefore, by determining the diffusibility of oxophen- 
arsine when subjected to dialysis from preparations containing normal blood, 
laked blood, hemoglobin or other blood component. 

Methods. The sample of oxophcnarsinc and the preparation of its solutions was the 
same as that mentioned in the previous report (1). 

The source of the rabbit's blood was the same as that in the previous paper (1). The 
defibrinated blood was prepared in the usual manner and filtered through several thick- 
nesses of gauze before use. The Inked defibrinated blood samples were prepared by adding 
7.5 mgm. of saponin to each cc. of defibrinated blood. In the e-vperiments with the defibnn- 
ated blood, the cell volume, hemoglobin content and the normal arsenic content of the 
blood and serum were determined on an aliquot of the blood sample diluted to the same 
extent as the samples containing the oxophenaraine. 

The hemoglobin solution was prepared from a single lot of defibrinated rabbit's blood. 
This blood was centrifuged and the cells were repeatedly resuspended in an equal volume 
of 1 per cent Nad solution previously cooled to approximately S°C. The washed cells 
were then transferred to a moistened cellophane tube which was clamped tightly in order to 
prevent volume changes and placed in running tap water for twenty-four hours. The 
material was then centrifuged to remove the stroma and placed in the freezing unit of the 
refrigerator until needed. The hemoglobin content of this solution was found to be 22.50 
grams/IOO cc. as determined by the Coleman photoeleotric colorimeter and its normal 
arsenic content was determined from two aliquots of the final preparation. This yielded a 
concentrated hemoglobin solution which, after the addition of the modified dextrose Ring- 
er’s solution, had a final concentration approximately equal to that ofnorraal rabbit’s blood. 

The suspensions of cell stroma were prepared by taking the same amount of defibrinated 
blood used in the dialysis experiments (5.6 cc.) centrifuging it and repeatedly resuspendiiig 
the cells in 1 per cent NaCl solution. Five cc. of distilled water were then added and after 
four resuspensions in the NaCl solution, the stroma were stored in the freezing unit of the 
refrigerator until needed. The normal arsenic content of these suspensions was deter- 
mined on one of the duplicate samples in each experiment. 

Powdered urease (E. R. Squibb and Sons), originally prepared from the Jack Bean 
(Cananalia ensiformis) was added to modified dextrose Ringer’s solution so that its final 
concentration was between 12 and 13 per cent. 

The modified dextrose Ringer’s solution was freshly prepared for each experiment and 
consisted of 0.7 per cent NaCl, 0.2 per cent dextrose, 0.024 per cent KCl and 0.02 per cent 
anhydrous CaCl, dissolved in freshly glass-distilled water. 

The collodion membranes were prepared from a solution of 4 per cent nitrocellulose dis- 
solved in equal parts of absolute alcohol and dry ethyl ether.* The thickness of these 
membranes was from 155 to 185 microns and was maintained as uniform as possible by 
applying the three layers of collodion solution to the horizontally rotated, specially con- 
structed glass tubes in the same manner each time. After thorough washing, the mem- 
branes were stored in distilled water in the refrigerator; new membranes were prepared 
every four weeks. 

In all of the diffusion experiments, the oxophenarsine concentration inside the collodion 
membrane at the beginning of dialysis was 1:10,000. The samples of defibrinated rabbit’s 
blood or serum containing the oxophenarsine consisted of 14 parts of blood or serum and 1 

< Grateful appreciation is e.xprcssed to Dr. K. Sollner, formerly of the Department of 
Physiology, for advice in the preparation of the membranes, and for permission to use hia 
special apparatus for this purpose. 
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was carried out to compare the dialyzability of oxophenarsine (a) in the presence 
of the intact red cell membrane, that is, in normal defibrinated blood and (b) in 
the absence of the red cell membrane, that is, in laked defibrinated blood. 

Oxophenarsine was added to the samples in a final concentration of 1:10,000; 
the tubes were placed in the rotating apparatus in the water bath for one-half 
hour to obtain equilibrium of the adsorption reaction, then placed in the col- 
lodion membranes. Preliminary experiments having shoAvn that only from 1 
to 5 per cent additional oxophenarsine dialyzed between the 12th and 24th 
hours the experiments employing cellular media were terminated after 12 hours 
to avoid hemolysis. 

Using defibrinated rabbit’s blood, 33 per cent of the added oxophenarsine 
dialyzed in the first six hours and 48 per cent in twelve hours. Since the direct 
adsorption experiments described previously (1) had shown that at this concen- 
tration of oxophenarsine 80 per cent of the compound whs bound to the red cells 
and 20 per cent wag in the serum, and since it has been further shown that serum 
does not bind oxophenarsine, it may be deduced that the 48 per cent of the 
added oxophenarsine that passed through the membrane in 12 hours was com- 
posed of the 20 per cent dialyzable compound normally free in the senun plus 
an additional 28 per cent reversibly attached to the red cells. The remaining 
47 per cent (95-48) of the oxophenarsine was firmly attached to the red cells in 
such a manner as to prevent its passage through the collodion membrane during 
the experimental period. 

The influence that the intact red blood cell membrane exerted on the extent 
of the dialysis of oxophenarsine through the collodion membrane from blood 
was determined by laking the red blood cells with saponin before the addition of 
the oxophenarsine. In these experiments with laked defibrinated blood, 59 
per cent of the oxophenarsine diffused in six hours and 75 per cent in twelve 
hours. These percentages were higher than those obtained with the defibrinated 
normal blood (33 and 48 per cent respectively) at the corresponding time in- 
tervals, but were less than those obtained with the saponin-containing serum (92 
and 97 per cent respectively). 

Since 75 per cent of the added oxophenarsine dialyzed in 12 hours from the 
laked defibrinated blood and only 48 per cent from the corresponding non-laked 
sample, it may be assumed that the difference of 27 per cent may be attributed 
to oxophenarsine irreversibly bound to the cell membrane. Any oxophenarsine 
which might have penetrated the cell membrane but remained uncombined with 
any of the cell constituents, yet failed to return to the serum fraction during the 
dialysis period w'ould also be included in what has been designated as the role 
played by the intact cell membrane. 

Since approximately 20 per cent (95-75) of the added oxophenarsine still 
failed to dialyze through the collodion membrane from laked defibrinated blood, 
it appeared probable that additional amounts of oxophenarsine might also be 
bound by other cell components such as hemoglobin or the cell stroma. 

Good theoretical grounds e.xisted for assuming that hemoglobin might play a 
role in the binding of oxophenarsine, since Mirsky and Anson (5) had shown 
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collodion membrane and a volume ratio of 1:9 inside and outside the membrane. 
The solution outside the membrane was replaced at the 6th and 12th hours 
■with fresh modified dextrose Ringer’s solution. It was found that from 63 to 
69 per cent (mean 66.0) of the oxophenarsine dialyzed in. 6 hours, 90 to 93 per 
cent (mean 91.7) in 12 hours and 97 to 98 per cent (mean 97.6) dialyzed in 24 
hours (see table 1). 

Experiments were next carried out to determine the extent of dialysis of oxo- 
phenarsine from rabbit serum, the solution outside the membrane in the re- 
maining experiments being replaced every three hours for the first twelve hours. 
It was found that 90 per cent of the oxophenarsine dialyzed in 6 hours and 96 
per cent in 12 hours. Since these figures are at least as great as those obtained 
for the dialysis of oxophenarsine from a dextrose Ringer’s solution it may be 
concluded that the proteins of rabbit plasma or serum do notbind oxophenarsine* 

TABLE 1 


Per cent oxophenarsine dialyiing through collodion membranes from various media after a 
preliminary mixing period of SO minutes at S7°C.; the modified dextrose Ringer’s 
solution in the dialyzing chamber was replaced every three hours 




UEAK nt n:>nr or total 

uronnc xk&zdc ts£ coU/ODIok ueicbsake 

KxrvBrs or 
zxpEsnaNTs 

OXOPHIMA1SI>*L PlAtTXtWO IN 



6 boors 1 

12 boors 

Modified dextrose Ringer’s solution ... 

2 

66.0 

91.7 

Rabbit serum 

S 

90.4 

95.5 

Rabbit serum plus saponin 

3 

91.8 

96.8 

Defibrinated rabbit blood 

6 

33.1 

47.6 

Laked defibrinated rabbit blood . j 

3 

59.1 

75.1 

•15% rabbit hemoglobin solution. 

2 

71 1 

81.7 

•13% urease solution 

2 

41.4 

56.6 

•Cell stroma of rabbit blood 

2 

86.4 

93.0 


* In Modified Dextrose Ringer’s Solution. 

Oxophenarsine concentration in media before dialysis was 1:10,000; the volume ratio of 
media to solution outside membrane was 1:9. Temperature during dialysis was 37°C. 


These results also agree with those of Rosenthal (3) who found that oxophen- 
arsine passed quantitatively through a collodion membrane from rabbit serum 
when subjected to ultrafiltration. 

Similar tests were made using serum to which saponin had been added in the 
same concentration as that used to produce laking of the red cells. It was 
found that 92 per cent of the oxophenarsine dialyzed in 6 hours and 97 per cent 
in 12 hours. It was concluded, therefore, that saponin did not interfere with 
the passage of oxophenarsine across the collodion membrane. The mean rate 
of dialysis for the above three control media was 83 per cent in 6 hours and 95 
per cent in 12 hours. 

Ha-ving established in these preliminary experiments that oxophenarsine is 
95 per cent dialyzable through a collodion membrane from modified dextrose 
Ringer’s solution, serum and serum containing saponin, a series of experiments 
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5. The amount of oxophenarsine bound by the stroma was within the limits 
of experimental error. 

6. The role of the free sulfhydiyl groups of proteins in the binding of oxo- 
phenarsine was further substantiated by demonstrating the lack of binding of 
oxophenarsine by serum, its moderate binding by hemoglobin and its extensive 
binding by urease. 
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that approximately 28 per cent of the total number of sulfbydiyl groups in 
horse hemoglobin were in the free form at the pH of the blood and because 
Rosenthal (3) concluded that approximately 90 per cent of the oxophenarsine 
added to heat coagulated egg white combined with the free sulfbydryl groups of 
the protein molecule. Hunter, Kip and Irvine (4) had also observed that after 
the administration of radio-active potassium arsenite to rats, 95 per cent of the 
material in the blood was bound to the hemoglobin. 

A concentrated hemoglobin solution was so prepared that, when diluted with 
the modified dextrose Ringer’s solution, the final hemoglobin concentration 
was approximately equal to that of defibrinated normal blood. After the ad- 
dition of the oxophenarsine two experiments were conducted in the same manner 
as those mentioned previously. It was found that 71 per cent of the oxophen- 
arsine passed through the membrane in six hours and 82 per cent in twelve 
hours. Since previous experiments demonstrated that 95 per cent of the oxo- 
phenarsine dialyzed from serum and 75 per cent from laked defibrinated blood, 
it was concluded that 13 per cent of the approximately 20 per cent of oxophen- 
arsine that failed to dialyze from laked blood could be accounted for by binding 
on the hemoglobin. 

In order to test further the binding of oxophenarsine by free sulfhydiyl groups, 
experiments were carried out to determine the extent to which oxophenarsine 
was bound by urease, a natural protein known to possess a large number of free 
sulfhydiyl groups (6). When oxophenarsine was dialyzed from a 14 per cent 
urease solution (corresponding to the hemoglobin concentration) it was found 
that 41 per cent dialyzed in 6 hours and 67 per cent in 12 hours. The binding 
of oxophenarsine by urease is, therefore, almost three times as great as the 
binding by an equivalent amount of hemoglobin. 

The binding of oxophenarsine by the stroma of rabbit’s red blood cells was 
determined by adding the oxophenarsine to Samples of stroma prepared from 
an equivalent amount of defibrinated blood used in the previous dialysis experi- 
ments. With this stroma preparation, 86 per cent of the oxophenarsine dialyzed 
in six hours and 93 per cent in twelve hours. It was concluded that the extent 
of binding of oxophenarsine by the stroma was only slight and not sufficiently 
different from that of serum to be sure that the numerical differences represented 
a statistically significant difference. 

CONCLUBIONB 

An investigation of the dialysis of oxophenarsine through the collodion mem- 
brane from various media prepared from rabbit blood and urease showed that: 

1. Approximately 95 per cent of the oxophenarsine dialyzed from serum. 

2. Of the 48 per cent oxophenarsine that dialyzed from defibrinated blood, 
20 per cent represented the amount present in the serum and 28 per cent was 
the oxophenarsine reversibly bound to the cell surface. 

3. An additional 27 per cent oxophenarsine dialyzed when the intact cell 
membrane was destroyed with saponin. 

4. The hemoglobin accounted for 13 per cent of the oxophenarsine bound by 
the laked defibrinated blood. 
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